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The image represents a mosaic of various pre and post launch events of the Mars Orbiter Mission (MOM). 
Centre: Trajectory of MOM spacecraft is shown; Left Panel (Clock wise from bottom): 32m DSN Antenna 
and a Ship-borne terminal deployed to Indian Ocean for relaying critical mission data, Lift-off of MOM on- 
board PSLV-C25 rocket from SDSC-SHAR, Sriharikota, First Image of the Earth Captured by MOM, ISRO 


Chairman Dr. K. Radhakrsishnan showing a model of MOM spacecraft after its successful launch; Spacecraft 


Control Centre during TMI operations ; Right Panel (Top to bottom): Integration of Spacecraft to the 4th 
stage of PSLV-C25; MOM Spacecraft undergoing EMC/EMI and Thermovaccum tests; Bottom Panel: Vari- 


ous payloads flown onboard Mars Orbiter Mission 


(Courtesy: www.isro.gov.in/mars/update.aspx; http://rajasthanpatrika.patrika.com/photogallery/Mars%20 
Mission_0106-11-2013-09-55-25F.jpg ) 
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With steady progression of ISROs Mars Orbiter Mis- 
sion (MOM) towards Mars, its every new progress is a 
giant leap for Indian space program. Planetary scientists 
across the world are eagerly waiting with a bated breath 
for the glorious moment when MOM conquests THE 
RED PLANET. 


The present issue celebrates this wonderful achievement 
by reflecting the red hue of Mars. The issue addresses 
the curiosity of our budding scientists for exploring the 
science of Mars and making of MOM. A series of fun- 
damental articles focused on the need to study Mars and 
the inception, framework, and delivery of the mission 
have been provided by the mission team members who 
made this prospect a reality. 


Observing comet from Earth has always been an excit- 
ing event but what about observing the phenomenon at 
Mars? Thrilling isn’t it! 


Well Siding Spring, a comet would be visiting Mars 
around the arrival of MOM, which will provide MOM 
and other contemporary missions a rare chance to study 
and observe the phenomenon. An article highlighting the 
comet’s features and the probable scientific issues that 
can be addressed to has been included. 


Regular columns such as News Highlights, Mission 
story and the Back Page bonanza wear a crimson tinge 
immersed in Martian mood. News Highlights focus 
on the recent developments in the scientific knowhow 
of Mars and the back page talks about geology of the 
Martian wonder Olympus Mons - the largest volcano 
in our solar system. Readers can look forward towards 
portrayal of many such planetary marvels in the future is- 
sues of PLANEX Newsletter. Mission Updates continue 
to track the status of the various planetary missions and 
Announcements and Opportunities section help you to 
carve a career in the planetary sciences. 


So let’s wish for many more success stories in 2014, 
meanwhile Wishing U all a Very Happy and Prosper- 


ous New Year. 


Keep exploring & Happy Reading 


O 
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Neeraj Srivastava 
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“...... am very happy to receive the PLANEX newsletters 
and would like to receive it in the future as well. I especially 
liked the commentary on Indian astronomy and I hope that 
this will be a regular feature. I also liked the fact that the 
newsletter collects together information on conferences in 
related areas.....” 


= Ishan Sharma 
Department of Mechanical Engineering, 
IIT Kanpur 


“....The content of the Newsletter is very useful for our 
students.....” 

Hiral Patel 

Institute of Technology, 

Nirma University, Ahmedabad 


“’....PLANEX newsletter is a marvellous collection of sci- 
entific articles, upcoming science opportunities for students 
and updated information on recent science endeavours. The 
tremendous efforts put forth by the team is conspicuous. It is 
indeed happy reading. Hoping to read many mote.....” 


- Priyanka Chaturvedi 
Astronomy and Astrophysics Division, 
Physical Research Laboratory (PRL), Ahmedabad 


“.....1’m very much interested in space science. It is very 
informative and full of knowledge. Thank you.....” 


- Gohil Virabhadrasinh A. 
Shree M. K. Bhavnagar University, 
Bhavnagar, Gujarat 


“.....1 am sure, the said reading material will be very useful 
to the readers ....” 

- B.J. Ankuya 

Veer Narmad South Gujarat University, 

Surat, Gujarat 


“.,.... am very happy to receive the newsletter and in future 
we wish to receive the complimentary copies of the future 
issues.....” 


- O.P.N. Calla 


International Centre for Radio Science (ICRS), 
Jodhpur, Rajasthan 
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Supervolcanoes discovered on Mars 

In an attempt to answer the long-established question 
of what the ancient volcanoes on Mars resemble, a re- 
investigation of the impact basins previously classified as 
irregular craters in Arabia Terra region of Mars have been 
conducted. The study of ancient volcanism is essential as 
this geological process has built the crust of the planet, 
distributed fragmented materials throughout the crust, 
controlled the atmospheric chemistry, as well as played a 
key role in altering the regional climate. Remote sensing 
datasets acquired by NASA’s Mars Odyssey, Mars Global 
Surveyor and Mars Reconnaissance Orbiter, and the ESA’s 
Mars Express orbiter provided the opportunity to reassess 
origin of the degraded impact craters in the Arabia Terra 
region and to test whether they can add any significant in- 
sight into our understanding of volcanism on Mars. Based 
on the latest morphological and topographical analysis 
it has been constrained that some of these irregularly 
shaped impact craters actually constitute a previously un- 
documented ancient volcanic province in Arabia Terra. The 
best observations were taken from a 55 x 85 km diameter 
depression Eden Patera (depth~1.8 km, 348.9° E, 33.6°N) 
that are now ascribed as plains-style caldera complexes. 
The investigation was substantiated based on absence of 
any association of this depression with impact process, as 
it had lacked ejecta, uplifted rim, regular geometry, central 
peak and the depth to diameter was found inconsistent 
with the ratio of impact craters significantly modified by 
erosional processes. The overall process was explained in 
a way similar to how a bottle of soda releases gas from the 
top on firm shaking. The magma body loaded with dis- 
solved gas probably raised high above the thin crust and 
left behind depression that later collapsed largely causing 
the region to sink. At this stage, compositional information 
for the supervolcanoes have not been congregated, which is 
believed to further confirm the hypothesis and strengthen 
this new line of research of ancient volcanoes on Mars. 


. ESA/ Mars Expres / Freie Universitat Berlin / NHM 
FCC showing the Eden Patera supervolcano within Arabia 
Terra, Mars 


Source: http://www.nature.com/nature/journal/v502/n7469/ 
full/nature12482.html 
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In situ dating of Mars rock ‘Cumberland’ 

Crater density at a geographic location on a planetary 
surface is proportional to the last resurfacing age of that lo- 
cation. Calibrating this measure with the absolute ages ob- 
tained on returned lunar samples by laboratory radiometric 
methods has provided a powerful tool for assessing the age 
of lunar surface. Cratering rate on other planetary surfaces, 
as calibrated with respect to Moon is the only tool available 
so far for planetary scientists for assessing the surface ages 
of other solar system objects. In spite of having Martian 
meteorites with precise ages, they cannot be used to cali- 
brate Mars surface ages as we do not know the provinence 
of these meteorites on Mars. This scenario has changed 
now for the better, with the first available in situ age of 
the Martian rock ‘Cumberland’ by Curiosity rover, using 
the traditional K-Ar method, in the latest report by Ken 
Farley from Caltech. and the MSL team. By measuring the 
radiogenic 40Ar, from the decay of radioactive isotope 40 
K, ina cored powder sample by the quadrupole mass spec- 
trometer, and using the K amount determined by the APXS 
for the surface cleaned Cumberland, K-Ar age of 4.21+0.35 
billion years has been derived for this rock. This in situ 
age will provide the calibration for Mars surface dating. 


Mars Hand Lens Imager (MAHLI) image of Sheep bed 
mudstone near the Cumberland drill hole 


Source: http://www.sciencemag.org/content/early/ 
2013/12/05/science. 1247166.abstract 


Infilled craters on Mars 

Craters are bowl shaped depressions that are filled up by 1) 
materials slumped from the wall, 2) materials driven from 
outside the crater and 3) materials inherited from beneath 
the crater floor. The first two process are widely observed 
in Martian craters and well distinguished from morphologi- 
cal studies, where as the last process need vital evidence 
to prove the infilling from the floor of the crater. Thus, the 
formation of infilled craters is always a quest to scientists, 
and one probable answer for this infilling process is given by 
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the latest analysis of ~2800 flat-floored, high-thermal in- 
ertia craters using the THEMIS data. The majority of the 
Martian surface has a thermal inertia of ~220 Jm?K"'s""”, 
whereas the flat floor craters analyzed in this study have 
thermal inertia > ~1200 Jm?K"'s'”. The age of most of 
these flat-floor craters date back to ~3.5 Ga. These craters 
significantly contain some of the rockiest materials on 
the planet and of highly mafic in nature. The impactor 
would have excavated the magma source directly which 
results from the decompression melting of the Martian 
mantle by the removal of the crustal material. The three 
scenarios that possibly explain the formation mechanism 
for this are (1) lithification/induration of sediments, (2) 
ponding of crustal melt material generated by heating 
during the impact process and (3) infilling by volcanic 
materials. Thus, this study reveals that the impact induced 
decompression melting of Martian mantle substan- 
tially account for the unusual infilling of Martian craters. 


High thermal inertia observed in the floor of a southern 
ighland crater 


Source: http://www.sciencedirect.com/science/article/pii/ 
$0019103513004247 


First Sample of Ancient Martian Crust 

Analysing a part of Mars history that experienced oceans and 
atmosphere where life would have existed if developed at all 
may undoubtedly lead to understand and reveal astounding 
facts about the planet. One opportunity came from analysis 
of arock (NWA 7533) (referred as meteoritic sample) recov- 
ered from Sahara desert. Earlier in 2013, a different group of 
researchers have dated samples from this meteorite as 2.1 Ga 
based on the ratio of Rb - Sr in the samples. Recently, group 
of geochemists working in different laboratories analysed the 
zircon crystals (forms when magma solidifies) within differ- 
ent samples of the same meteorite. Using an array of highly 
sophisticated mass spectrometers, the researchers estimated 
the age of five individual zircon crystals within the sample 
to be 4.4 Ga. They measured the amount of U isotope that 
decayed into Pb and reported this rock a remnant of the very 
first Martian crust. This age certainly give access to look into 
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the ancient crust of Mars and its detailed analysis could 
provide insight into surface conditions on Mars during its 
formative years. Based on the chemical composition of 
the meteorite, the crustal thickness was estimated to be 
50 km. Another inference made from the analysis of this 
meteorite is that Mars did not undergo significant melting 
due to giant impact in its early history. The individual 
crystals and grains of this meteorite are currently under 
investigation in order to establish the composition of crust 
and confirm what the orbiters and rovers have already 
determined. It is expected that this rock may certainly 
reveal many more facts about Mars and, if possible, may 
show signature of that Mars which had thick atmosphere, 
warm temperature, and liquid water on its surface. 


dit: Luc Labenne 
A 4.4 Ga meteorite from ancient crust of Mars 


Source:_http://www.nature.com/nature/journal/vaop/ 
neurrent/full/nature12764.html 


Journey of Mars impact ejecta to Phobos 
Phobos is the largest potato shaped satellite/moon of 
Mars, which orbits three times a day and is so close 
that it is nearing Mars at a rate of 1.8 m/hundred years. 
Though the Phobos is moving towards Mars at slower 
rate, the material ejected from Mars also falls on the 
Phobos. Due to the close association of Mars and 
Phobos, the primary ejecta from Mars hit Phobos at a 
velocity of ~2-3 km/s and due to low escape velocity 
from Phobos (~4-10 m/s), most of the secondary ejecta 
from Phobos is inserted into temporary orbits around 
Mars. The sequence of journey from Mars to Phobos 
thus comprises of 1) primary impact on Mars, 2) Mars 
impact ejecta leading towards hemisphere of Phobos, 
3) high velocity Phobos ejecta fragments travel ahead 
of Phobos into higher energy orbits, 4) higher energy 
fragments hits opposite (trailing) hemisphere of Phobos, 
5) newly created slower-velocity ejecta (at trailing end) 
falls behind Phobos, 6) Phobos overtake the new slower- 
velocity ejecta fragments, which reimpact on opposite 
(leading hemisphere of Phobos), and 7) impact from 
primary solar system flux redistribute regolith fragments. 
The process 7 creates thick regolith units, whereas the 
process 1-6 (Mars ejecta fragments) accumulates be- 
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tween several regolith units produced by solar system 
projectiles. Based on the impact flux and orbital calcu- 
lations, the estimated Mars ejecta fragment on Phobos 
is ~250 ppm with a maximum range of 20-1250 ppm. 
In addition to this, the dust fragments <~300 um will be 
de-orbited from Phobos, whereas the dust greater than 
this size will tend to remain in orbit until they re-impact 
Phobos. Further, along with the Mars ejecta on Phobos 
the solar system projectile flux also creates an ejecta layer 
on the surface of Phobos. Thus, these inference suggest 
that there may be distinguishable Mars ejecta units pre- 
served in deep regolith of Phobos from basin forming 
impact events on Mars and those records may certainly 
reveal the history of basin-forming events on Mars. 


Pictorial depiction of sequence of journey of impact 
ejecta from Mars to Phobos 


Source: http://www.sciencedirect.com/science/article/ 
pii/S00320633 13002328 


Mineralogy of Rocknest at Gale Crater 

Orbital and in-situ Martian surface observations indicate 
anear uniform chemical composition of the basaltic soil. 
Global aeolian activity resulting in the assimilation of the 
fine grains is thought to be the main factor but the possi- 
bility of the less similar basaltic compositions across the 
planet could also have been a contributing factor. Detailed 
phase information on the chemical composition of Mar- 
tian soils has been well compiled by the MER thermal 
emission and Méssbauer spectroscopic measurements. 
Recently, soil sample investigation and analysis with the 
Chemistry and Mineralogy (CheMin) X-ray diffraction 
(XRD) instrument onboard Mars Science Laboratory 
(MSL) rover Curiosity was conducted at the Rocknest 
aeolian bedform in the Gale crater. The measurements in- 
dicate that the crystalline component is largely dominated 
by the presence of plagioclase (~An57), forsteritic olivine 
(~Fo62), augite, and pigeonite, with minor amount of 
K-feldspar, magnetite, quartz, anhydrite, hematite, and 
ilmenite. These results exhibit a great consistency with 
the various previous orbital and lander analyses. This 
method is considered definitive in determining the nature 
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of crystalline phases such as minerals in solid samples. The 
study further indicates presence of minor phases at, and near, 
detection limits. Detailed analyses show presence of around 
27+ 14 wt% amorphous material, likely containing multiple 
Fe**- and phases having volatiles, possibly pointing towards 
presence of a substance closely resembling hisingerite. Pres- 
ence of this group, particularly Fe-rich forsterite and sub- 
stantial amorphous component, is again consistent with the 
limited aqueous alteration scenario, similar to conclusions 
from the Phoenix lander. Presence of pigeonite as well as 
the the similar Fe:Mg ratios in augite and pigeonite indicate 
the crystalline matter to be formed as a result of near surface 
basaltic lava crystallization. The crystalline component also 
relates with the mineralogy of certain basaltic rocks from Gu- 
sev crater on Mars and of Martian basaltic meteorites while 
the amorphous component is found similar to soils on the 
Mauna Kea volcano, Hawaii on Earth. Curiosity has thus pro- 
vided significant ground truth information on Martian soils 
as well as has revealed an inventory of crystalline and amor- 
phous phases in Rocknest soil providing an insight into the 
chemical and physical weathering processes acting on Mars. 


Source: http://www.sciencemag.org/content/341/6153/ 
1238932. full 


Prolonged magmatic activity on Mars 

Granite and its volcanic equivalent rhyolite, are felsic rocks 
dominated by the presence of silicate minerals quartz and 
feldspar. These are abundantly found on Earth’s upper con- 
tinental crust. They traditionally form in (1) the subduction 
zones due to partial melting or fractional crystallization 
in the shallow crust, (2) in bimodal basalt—rhyolite suites 
commonly associated with hotspot volcanism, and/or (3) in 
some rocks formed during the Archaean era, possibly by the 
intraplate partial melting of basalts at relatively shallower 
depths. Felsic rock anorthosite (containing >90% feldspars) 
is abundant on the Moon, which is understood to be an 
outcome of slow cooling of global magma chamber. These 
felsic rocks are not widely identified on Mars, which lacks 
plate tectonics and associated magmatic processes result- 
ing in the formation of siliceous melts. It is quite likely that 
felsic rocks never formed on Mars in proportions as that 
on the Moon, and the exposed crust is primarily basaltic, 
although some Martian regions do show spectral signature 
of andesite, which alternatively has been interpreted as 
weathered basalts or glass. Recent near-infrared spectral 
studies from the Compact Reconnaissance Imaging Spec- 
trometer for Mars (CRISM) onboard Mars Reconnaissance 
Orbiter show presence of felsic rocks in three geographically 
distinct locations on Mars whose spectral characteristics 
closely resemble feldspar rich lunar anorthosites. These are 
accompanied with secondary alteration products such as 
clays. Based on the estimations from thermodynamic phase 
equilibrium studies it has been revealed that the fractional 
crystallization of magma which has a similar composition to 
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any near by volcanic flows can apparently produce residual 
melts with showing compositional similarities. In addition 
to an origin by significant magma evolution, feldspar enrich- 
ment by fluvial weathering processes can also be a plausible 
reason for the presence of felsic materials in these regions. 
Further studies may help in revealing similar observations 
at many more locations on Mars, providing us with a bet- 
ter understanding on the related formational processes. 


Mycrated silica 


Igneous rocks in Nilli Patera: Olivine: Red; Felsic rocks: 
Green; Pyroxene: Blue 


Source: http://www.nature.com/ngeo/journal/vaop/ncurrent/ 
full/ngeol994.html 


Early warming of Mars with CO, and H, 

Formation of Martian valleys has been a topic of interest 
and debate since years. After years of rigorous research, 
it is now believed that these landforms would have been 
formed as a result of flowing water. Studies indicate that 
liquid water would have flowed on the Martian surface 
~3.8Ga ago or before that. Still, in depth understand- 
ing is required to exactly understand how warm the 
surface would be and how long it would have prevailed 
which eventually led to the formation of these features. 
According to the most accepted hypothesis it is believed 
that the surface would have got heated up intermittently due 
to large meteoritic impacts that occurred during the heavy 
bombardment period and water that flowed out would have 
led to the formation of Martian valleys. Some researchers 
also attribute its formation to greenhouse warming. Recent 
study based on one-dimensional climate model explains 
that if there is an atmosphere having 1.3 to 4bar of CO, 
and HO, along with 5 to 20% of H,, it can effectively raise 
the mean surface temperature beyond the freezing point 
of water. Large scale volcanic out-gassing from a highly 
reduced early Martian mantle could have been capable of 
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providing adequate atmospheric H, and CO,. Surface 
pressure estimates based on cratering data also show 
consistency with such a dense early Martian atmospheric 
conditions. This model does not accurately calculate the 
effect of clouds on the planetary albedo, whereby the 
atmosphere is assumed to be cloud free and the surface 
albedo is attuned to a value of 0.216 allowing the model 
to match present day Mars’ mean surface temperature, 
218K, at a given solar insolation. Although good amount 
of information is gained through this model, far more 
complex 3D climate models in future are required to 
understand the climatic conditions that led to the for- 
mation of many complex Martian landform features. 


a 300 
Early Mars 
S/Sp = 0.75 


Freezing point of water 


Temperature (K) 


Surface pressure (bar) 


95% CO,, 5% N, 
95% CO,, 4% N5, 1% H, 

95% CO,, 5% H, 

90% CO,, 10% H, 

90% CO,, 10% H, (RH = 50%) 
80% N,, 20% H; 

80% CO,, 20% H, 


Planetary albedo 


~ 10" 

Surface pressure (bar) 
Surface temperature as a function of surface 
pressure for differernt atmospheric compositions 


Source: http://www.nature.com/ngeo/journal/vaop/ 
ncurrent/full/ngeo2000.html 


Asymmetric Distribution of Lunar Impact Ba- 
sins 

Impact basins are easily distinguished from impact 
craters because of their larger size (>300 km). On the 
Moon, almost equal number of basins are present on 
near- and far-side, but they are asymmetrically distrib- 
uted, with near side having nearly eight basins >320 km. 
This asymmetric distribution of basins remained as a 
puzzle for the lunar scientists, because the diameter of 
transient cavity is short lived and not easily estimated 
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from surface measurements. A recent study was con- 
ducted to focus on solving this puzzle and to understand 
the distribution of impact basins through remote sensing 
and model-based studies. For image-based studies, the 
GRAIL (Gravity Recovery and Interior Laboratory) 
data provided the global maps of crustal thickness on 
the Moon. To incorporate the effect of temperature 
(unavailable from GRAIL data), it was referred to 
existing model and inferred hemispheric differences 
in crustal and upper mantle temperatures. The enrich- 
ment in heat-producing elements (KREEP terrain) and 
prolonged volcanic activity on nearside indicated that 
temperature of nearside crust and upper mantle were 
hotter than far-side at the time of basin formation. From 
this, it was inferred that the hemispheric differences in 
subsurface temperature and to a lesser extent crustal 
thickness would have played a lead role in asymmetric 
distribution of impact basins. To solve this hypothesis 
and the consequences of basin formation, the iSALE-2D 
hydrocode model that considers impact velocity, size, 
and the pre-impact crustal thickness for near and far-side 
(30 km and 60 km respectively). In addition, the repre- 
sentative subsurface temperatures are obtained through 
a thermochemical convection code, which simulates 
an asymmetric heat source distribution. The simulated 
results shows growth of deep, bowl-shaped transient 
cavity which is gravitationally unstable and collapses. 
The collapse and and the consequient modifications in 
crustal structure will depend sensitivitly on shear strength 
of the crust and upper mantle. This is however strongly 
a function of temperature. The result also infers that 
the hotter nearside have formed basins with up to twice 
the diameter of similar impacts than the cooler far-side 
of the Moon. This asymmetric scenario study reveal 
that the size distribution of basin is not a representa- 
tive of earlier inner solar system impact bombardment. 


Crustal thickness, km 


Near and Farside Imapct Basins showing differences 
in diameters 


Source: http://www.sciencemag.org/conent/342/6159/ 
724 
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» The Coldest Place in the World 


Link: http://science.nasa.gov/science-news/science-at- 
nasa/2013/09dec_coldspot/ 


Recurring slope lineae in equatorial regions of Mars 
Link: http://www.nature.com/ngeo/journal/vaop/ncur 
rent/full/ngeo2014.html 


Extremely energetic particles in Earth’s near space envi- 

ronment and their influences 

Link: http://www.sciencedaily.com/releases/2013/12/ 
131218133700.htm 


Clay-like minerals found on the icy crust of Europa 
Link: http://www.jpl.nasa.gov/news/news.php?release= 
2013-362 


Nasa’s asteroid mission (NEOWISE) again started com- 
prehensive survey of asteroid and comets 

Link: _http://www.jpl.nasa.gov/news/news.hp?release 
=2013-373 


Netherland, rare space rock goes unnoticed for 140 
years? 

Link: https://science.naturalis.nl/en/about-us/news/ 
collectie-2/new-dutch-meteorite-fell-1873/ 


Current theories on formation of Moon includes too many 
cosmic coincidence, need better models 

Link: http://www.nature.com/news/planetary-science- 
lunar-conspiracies-1.14270 


New spectral technique to measure the mass of the planet 
orbiting around the star 

Link: http://www.nature.com/news/distant-planet- 
weighed-using-clues-from-starlight-1.14421 


Simple model to understand the planetary igneous crystal- 
lization environments 

Link: http://www.psrd.hawaii.edu/Dec13/SPICEs- 
LMO.html 


New method to derive speed and direction of dust devils 
on Mars 

Link: http://www.sciencedirect.com/science/article/ 
pii/S0019103513003771 


Some near earth asteroids are shaken up by Mars 
Link: http://web.mit.edu/newsoffice/2013/asteroids- 
mars-1119.html 


Thermal energy storage and electricity generation at 
Moon 

Link: http://www.sciencedaily.com/releases/2013/12/ 
131220113401.htm 
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Why Explore Mars? 


Introduction: 

How did life originate on Earth? Does life exist else- 
where in the solar system? Finding answers to these 
questions is a strong motivation for the exploration 
of solar system objects. Of all the planets in our so- 
lar system, Mars has sparked the greatest human interest. 


Mars is one of the four terrestrial planets, made of mostly 
silicates and metal, similar to Mercury, Venus and Earth. 
Mars is about one tenth of the mass of Earth and about 
half the size of Earth and has a thin atmosphere of ~6 
milli bar, mostly made of CO,. Fig. 1 shows some of the 
spectacular features of Mars surface: a hemispherical di- 
chotomy, with a rugged southern highlands and relatively 
smooth northern basins, differing by 1 to 3 km in eleva- 
tion; Olympus Mons, the tallest volcano in the solar system 
and Valles Marineris, a lengthy canyon at mid latitudes. 


The conditions on Mars appear pretty much hospitable as 
the planet is similar to Earth in many ways. Mars has the 
systems of air, water, ice and geology that all interact to 
produce the environment similar to Earth. Similar to Earth, 
Mars has seasons due to its tilt and climatic cycles due to 
periodic changes in the tilt by larger magnitudes as com- 
pared to Earth (Figs. 2a, b and Box 1). Though Mars is cold 
and dry at present, there are ample evidences that it was 
warm and wet in the past, conducive for life to thrive. It is 
important to understand when and how this transition oc- 
curred, which forms the main focus for Mars exploration. 
What we know about Mars today is due to the labora- 
tory studies of martian meteorites and the remote sens- 
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ing data from missions to Mars. While martian me- 
teorites gave us information about Mars in the past, 
as recorded in these rocks, exploration data have 
given the present and contemporary history of Mars. 


Past history from martian meteorite studies: 

We presently have more than 65 Martian meteorites. 
Martian origin of these meteorites has been firmly estab- 
lished by the perfect match observed between the com- 
position of gases trapped in shock glass in EET79001 
and the data obtained by Viking lander. Except the lone 
meteorite ALH84001, with a formation age of 4.5 Ga, 
and the latest find NWA7533 of crustal origin (4.4 Ga) 
the rest of the martian meteorites belong to only two age 
clusters of 180 Ma and 1.3 Ga (Nyquist et al., 2001; Mc- 
Sween 2013). This shows that the martian crust formed 
very early in the solar system at about 4.5 Ga ago, but 
most of the Mars surface is young. The occurrence of 
carbonate globules of about 3.5 Ga age in ALH84001 
shows the aqueous activity on Mars at that time. Trapped 
Mars atmosphere in ALH84001 shows the signatures of 
elemental and isotopic compositions of gases that are 
significantly different from the composition found in 
180 Ma old EETA79001 (Murty and Mohapatra, 1997). 
These observations clearly suggest the existence of a 
much thicker atmosphere for Mars in the beginning, 
which is subsequently lost to space. When and by what 
mechanism the atmosphere is lost is still to be quanti- 
tatively understood. The wealth of chemical data from 
martian meteorites has brought out the major differences 
between Earth and Mars. Martian meteorites are deplet- 
ed in Al relative to terrestrial rocks by about 25%; the 
elemental ratios Mg/Si, Al/Si, K/Th etc. are diagnostic 
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Figure 2; Cartoons to illustrate a) the precession of Mars due to the tilt of the rotation axis; b) the migra- 
tion of volatiles from poles to equator and vice versa due to excursions in the tilt.(See BOX1) (Source: ASD/ 
IMCCE-CNRS, after Jim Head/Brown University and NASA/JPL) 


features to differentiate between terrestrial and Martian 
rocks. Some of these features are due to the differences in 
the precursor materials that made the bulk of these plan- 
ets (Mohapatra and Murty, 2003), while some features 
are due to the differences in their evolutionary paths. 


Some important Discoveries from the Mars Explora- 
tion Program: 

Since 1996 five spacecrafts have successfully landed 
on the Martian surface and four have been placed in 
orbit. These vehicles have returned enormous amounts 
of data that are transforming our understanding of 
what Mars is like and how it arrived at its present state. 


A significant section of well-exposed Noachian crust 
(3.8 to 4.1 Ga) exists surrounding the Isidis Basin 
(~1900 km diameter impact basin, 3.96 Ga age). Phyl- 
losilicate alterations have been observed in this basin 
by HiRISE. Aqueous activity on this ancient crust is 
indicated by the presence of carbonates. Clay miner- 
als usually result from long term weathering of primary 
minerals by liquid water at neutral to alkaline pH. As- 
sociation of carbonates with clay minerals suggests an 
early environment completely different from the acidic 
conditions responsible for the formation of sulfate out- 
crops widely observed on Mars. The recent discovery of 
carbonate rich outcrops in the Nili Fossae region of Mars 
using CRISM and the indication of 2-3% carbonate in 
alkaline soils at the Phoenix landing site have brought 
into question the hypothesis that much of Mars history 
has been dominated by an acidic weathering regime. 


Crustal magnetic field : 

Since the end of dynamo epoch (~4 Ga ago) large asteroid 
or comet impacts on Mars in the absence of a magnetizing 
field have reduced the magnetization of the crust within the 
impact basins. A broad spatial correlation between strong 
martian crustal magnetic fields and the valley networks 
which are indicative of surface water erosion has been re- 
ported. Evidence of correlation of phyllosilicate exposures 
with strong crustal magnetic fields in the Noachian southern 
highlands suggest that crustal magnetization occurred pri- 
marily when liquid water was present in the Martian upper 
crust. Also, the correlation with valley networks suggests 
that the water source is from above (precipitation) and not 
underground sources such as mantle degassing. While water 
was present in the Martian crust, frequent impacts provided 
prominent heat sources that drove hydrothermal systems. 


Methane on Mars: 

Even though Mars may very well be the most explored plan- 
et in our solar system, besides the earth-Moon system, scien- 
tists could not find any evidence of life on Mars. The recent 
observation of Methane on Mars by Mars Express orbiter 
has led the scientists to visualize a Mars which was different 
in the past. Methane on Mars could be the basis for some as- 
yet-unknown biogenic processes. Three major problems are 
related to methane on Mars. There is a great uncertainty in 
the abundance and a large latitudinal and seasonal variation 
from 30-300 ppb. Methane cannot form photo chemically on 
Mars from CO, and water or H.. It is lost by photolysis with 
a lifetime of about 340 years and has a latitudinal depen- 
dence. There are three possible sources of Methane on Mars; 
cometary impacts, geology and biology. Cometary sources 


) 


account for only <1% of the observed methane (Atreya et 
al., 2007). Production of methane by serpentinization (wa- 
ter and mineral olivine react and evolve hydrogen, which 
reacts with C/CO/CO, by metal catalyzed Fischer-Tropsch 
reaction to yield methane) may be possible on Mars. Me- 
thonogenesis could be a likely form of metabolism on Mars. 
Understanding the abundance, variations (seasonal/geo- 
graphic) and origin of methane are of prime importance to 
the issue of life on Mars. So far none of the probes, Rus- 
sian or American, have uncovered definitive evidence of 
life on Mars. Neither have analyses of the martian meteor- 
ites found on earth have provided any clues, although one 
of the meteorites is reported to be containing some tubular 
structures that some scientists suggest may be biogenic or 
even fossilized life forms. This is a very controversial ob- 
servation and there is as yet no agreement on their origin. 


Mars Atmosphere: 

Chemical composition of the Martian atmosphere is rather 
simple: CO,, H,O, N, and their dissociation products and noble 
gases constitute most of the species. Significant variations (by 
a factor of five) of the D/H ratio between atmospheric and in- 
terior reservoirs (as obtained from Martian meteorite studies) 
were observed. Main features of these variations and their na- 
ture are not clear and need further observations and modeling. 


BOX 1 
The driving force for the climate changes on Mars ap- 
pears to be the large variations in planetary motions. 
Mars’s orbit is eccentric, its rotational axis precesses, 
its obliquity (axial tilt) oscillates [Fig. 2a]; the martian 
variations are all larger than the terrestrial, partly because 
Earth is anchored by the Moon. Mars’s obliquity ranges 
between at least 15° and 35°, possibly 0°-60°, [Earth’s 
roughly 22°-24°]. At low obliquity, less sunlight falls on 
polar regions, which accumulate snow. At high obliquity 
the poles receive more sunlight and the equator less, so 
snow migrates to equatorial regions [Fig. 2b]. At pres- 
ent the obliquity is roughly 25° and decreasing, and ice 
would be expected near the equator (Laskar et al., 2004). 
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Due to elliptical orbit of Mars, the solar radiation 
at perihelion exceeds that at aphelion by a factor of 
1.46. This high radiation near perihelion stimulates 
dust storms. As a result, the atmosphere at low and 
middle latitudes is cold and dust-free near aphelion 
and comparatively warm and dusty near perihelion. 
The composition of Mars atmosphere was first provid- 
ed by the in situ analysis by Viking mission in 1976, 
though with large errors in the isotopic ratios of key 
elements (Ne, Ar, Xe and N,). More precise values of 
these ratios have been obtained from martian mete- 
orites. To fully understand the implication of a large 
number of isotopic components derived from Mars 
meteorites and infer the evolution of volatiles in the 
planet Mars, it is essential to obtain precise Mars atmo- 
sphere end members. Further, the D/H ratio and the 6'°C 
of the atmospheric species hold clues to the origin of 
CH, and the water cycle on Mars. Most recently, Cu- 
riosity has provided the most precise data on compo- 
sition of Mars atmosphere confirming the Mars mete- 
orite data (Webster et al., 2013; Mahaffy et al., 2013). 


Martian air contains only about 1/1000 as much water 
as our air, but even this small amount can condense out, 
forming clouds that ride high in the atmosphere or swirl 
around the slopes of towering volcanoes. There is evi- 
dence that in the past a denser martian atmosphere may 
have allowed water to flow on the planet. Physical fea- 
tures closely resembling shorelines, gorges, riverbeds and 
islands suggest that great rivers once marked the planet. 


Some outstanding issues of Martian Science: 

As in any field of scientific exploration and research, the 
more we learn about the Martian surface, the deeper and 
more focused our questions become. Some of the major 
outstanding questions relevant to the study of the com- 
position, mineralogy and physical properties of the Mar- 
tian surface are summarized here. These include some 
old questions that have remained unanswered since the 
days of the Viking Missions, as well as some new ones 
that arose from the recent Mars exploration missions. 


Character of the Martian crust: 

The nature of the global dichotomy remains in debate 
and is argued to be due to early low-order mantle 
convection or by early large impacts on the northern 
plains. That the southern highland terrains stand sev- 
eral kilometers above the northern lowlands shows the 
crust to vary in thickness roughly between 30 km and 
100 km and to be less dense than the mantle. What is 
the nature of this density contrast? Is it analogous to 
the lunar crust? Rocks of higher silica content such as 
andesitic basalts have been suggested as a component 
of the crust. Recent report of anorthosite supports pro- 
longed magmatic activity on Mars (Horgan 2013). 


Early aqueous chemistry: 
Did Mars’ aqueous surface environment evolve from ear- 
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lier alkaline or neutral-pH conditions to later very acidic 
conditions during the Middle-to-Late Noachian? Isolated 
evidence of phyllosilicates (clays) that require near-neutral 
pH to form appears in some older Noachian terrains; prod- 
ucts of sulfuric acid alteration abound in younger Noachian 
rocks at the MER landing sites. If this transition did occur, 
what caused the change from alkaline to acidic? Was early 
long lived volcanism in Tharsis and Elysium a key factor? 
How profuse was early surface water, and when and how did 
it decline in abundance? Did alkaline and acidic conditions 
coexist during this early epoch, with the alkaline conditions 
in the subsurface sealed off from the acidic conditions at 
the surface, as we find both sulfate and carbonate second- 
ary alteration minerals in young Amazonian meteorites? 


Survival of primitive basaltic minerals: 

Chemically fragile minerals like olivine have been found 
ubiquitously in low-albedo regions of the Noachian high- 
lands. How did primitive igneous minerals survive the 
early wet period? Clearly, surface water could not have 
been around but for a fraction of time after these primi- 
tive minerals were exposed at the surface. Surface water 
must have been geologically short-lived, locally concen- 
trated, and/or limited in volume. The limited nature and 
early decline of surface water need to be understood. 


Martian meteorite enigmas: 

Given that more than half of Mars’ surface terrains are 
Hesperian and Noachian (greater than about 3.5 Ga), why 
are 95% of the meteorite crystallization ages < 1.3 Ga? 
That a number of SNC meteorites have very young Ama- 
zonian crystallization ages (< 200 Ma) is exciting because 
it supports the notion that low-level, quiescent volcanism 
must be continuing throughout till now, consistent with 
extremely sparse crater populations on some (estimated 
10-50 Ma old) volcanic flows. Where are these active vol- 
canic regions and what are their modern eruption rates? 


The search for life on Mars: 

During 1996-2012, nine major NASA and ESA planetary 
spacecraft successfully achieved Mars orbit or landed on 
the surface. These missions, coupled with continuing anal- 
yses of Martian meteorites, have generated an enormous 
wealth of new information that permits us to sharpen and 
refocus our search for evidence of Martian life. Continued 
searches by orbiting spectrometers for clays, silica, carbon- 
ates and other aqueous alteration minerals remain critical 
for potentially revealing ancient habitats. Modern habit- 
able environments are most likely restricted to those con- 
taining subsurface liquid water. Climatic changes driven 
by oscillating obliquity could episodically generate condi- 
tions for surface water even during the current geological 
epoch. Search for such sites by orbiters is an essential task. 


Science Objectives of Mars Exploration: 

The principal goal of the Mars Exploration since 1996 
has been to investigate signatures of the existence of 
life forms, ancient or contemporary. The theme “Follow 
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the Water” has been adopted by NASA to achieve this 


goal. Goals of future Mars missions will be to further fo- 
cus on Life, Climate, Geology and Human exploration. 


To address the question if life ever arose on Mars, the cycles 
of water, carbon and complex organics need to be followed. 
Presence, form and geologic history of water (ancient as 
well as present), spatial and temporal distribution and com- 
position of inorganic/organic carbon, as well as charac- 
terization of complex organics, their isotopic composition 
and the morphological and mineralogical characterization 
of the locations of their occurrence needs to be studied. 


To understand the history of climate on Mars, it is es- 
sential to characterize Mars’ atmosphere, climate, and 
climate processes under current as well as different or- 
bital configurations. While the present distributions of 
water, CO, and dust in the upper and lower atmospheres 
will tell about processes under current orbital configura- 
tion, processes under different orbital configurations can 
be addressed by looking at how the stable isotopic, noble 
gas and trace gas composition of the Martian atmosphere 
has evolved over obliquity cycles to its present state. 


To understand the evolution of the surface and interior 
of Mars, it is necessary to determine the nature/evolu- 
tion of geologic processes that have created/modified the 
Martian crust. In addition, it is essential to understand 
the hydrothermal environments, igneous processes and 
their evolution through time, surface-atmosphere inter- 
actions on Mars, as recorded by aeolian, glacial/perigla- 
cial, fluvial, chemical and mechanical erosion, cratering 
and other processes, to determine the nature of crustal 
magnetization and its origin and to evaluate the effect of 
large-scale impacts on the evolution of the Martian crust. 
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Mars Orbiter Mission: An Overview 


Introduction: 

Over millennia, human beings are fascinated and in- 
spired by what happens across the universe. We won- 
der at the infinite glory and beauty of the cosmic pan- 
orama. Through technological developments, we began, 
only recently, to comprehend the complexity and chal- 
lenges of probing a little beyond our own planet. The 
initial discoveries, which are the result of these new 
technological endeavors, point to the vast potential 
that exists for boundless knowledge and immense re- 
source around our own solar system and beyond. After 
the successful Moon mission with Chandrayaan 1, it is 
natural for ISRO to think about planetary exploration 
beyond the Moon. In the quest for planetary explora- 
tion, Mars holds a very special position in view of the 
many similarities it has with Earth and because it holds 
the secrets of our past and the possibilities of our future. 


Mars Mission Study Team: 

In ISRO, the Advisory Committee for Space Science 
(ADCOS) has taken up the formulation of the vision docu- 
ment for planetary exploration programme of ISRO. The 
ADCOS Science panel, ASP-3, has identified missions 
to Mars as one important component of this vision. In 
order to concretize these concepts into an integrated and 
viable blueprint for undertaking systematic and planned 
missions to Mars, a Mars Mission Study Team was con- 
stituted by Chairman, ISRO with experts from all Major 
Centers and Units; like PRL, SAC, SPL, ISAC, VSSC, 
LPSC, ISTRAC, LEOS, IST and ISRO- HQ. During the 
intense deliberations of the Study Team, it was discov- 
ered that we can have a highly elliptic orbital mission 
around Mars even using our proven PSLV launch system. 


Mars Mission (2013) Launch Opportunity: 

Mars mission opportunities with minimum energy oc- 
cur every 26 months as the required conjunction-like 
geometry (Earth at spacecraft departure from Earth; 
Sun; and Mars at spacecraft arrival at Mars are in a 
line) occur every 26 months. For a parking orbit around 
Earth of 250 x 23500 km and for a parking orbit around 
Mars of 500 x 80000 km the typical velocity impulses 
are given in Table 1. The required Argument of Peri- 
gee (AOP) and Right Ascension of Ascending node 
(RAAN) for the Earth parking orbit are also given. 
These angles ensure the required direction of veloc- 
ity vector of Trans-Mars cruise phase. The Mars mis- 
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Duration 
(days) 
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sion in 2013 becomes very important for two reasons: (i) 
if we miss this opportunity we have to wait for another 26 
months for next opportunity (i1) additionally, the velocity 
impulse requirement for the next opportunity in Jan. 2016 
is more by about 400 m/s and will require heavier vehicle. 


Launch Strategy: 

In an interplanetary mission design, the Earth parking or- 
bit characteristics are so chosen to minimize the energy 
requirement for Trans-Mars injection and for Mars Orbit 
Insertion operations. Apart from selecting the minimum en- 
ergy opportunity, optimal utilization of the existing launch 
vehicle system is a main driving factor for the Mars Orbiter 
Mission Design. In an interplanetary mission, placing the 
spacecraft in the parking orbit around Earth is achieved by 
a launch vehicle. With twenty three consecutive successes 
since 1993, PSLV is a reliable and proven work horse of 
ISRO. PSLY, a four stage vehicle, is developed primarily for 
launching remote sensing satellites of 1200 kg class in Sun- 
Synchronous Polar Orbit. It had also carried out Geosyn- 
chronous Transfer Orbit (GTO) missions. With its excellent 
track record, Polar satellite Launch Vehicle (PSLV) is found 
to be a suitable and viable option for placing the Mars Or- 
biter Mission spacecraft in an initial orbit around the Earth. 


In its regular GTO missions, PSLV achieves about 178 deg. 
of Argument of Perigee for suitable maximum payload. But 
Mars Orbiter Mission opportunity demands an AOP of 299 
deg at the time of Trans-Mars Injection. In Mars Orbiter 
Mission, the Trans-Mars injection is executed after several 
phasing orbits. Due to the perturbing forces from non uniform 
gravity field, the moon and the Sun, the initial Earth parking 
orbit characteristics keep changing. Accounting for these 
changes in AOP, the initial Earth parking orbit AOP is fixed. 
These phasing orbits are determined depending on a chosen 
Lift-off Date. This implies that the launch vehicle is expected 
to achieve different AOPs for different Lift-off dates. Values 
of required launch AOP, for one typical phasing orbit se- 
quence, range from 275 deg to 288 for Lift-off dates between 
Oct. 28, 2013 and Nov. 14, 2013. Such large AOP, which 
is very much different from values of AOP of usual PSLV 
launches, is achieved by introducing a long coasting between 
the third stage (PS3) separation and the fourth stage (PS4) 
ignition that shifts the perigee location to the desired slot. 


Fig. 1 depicts the PSLV trajectories for a regular GTO-type 
elliptic parking orbit mission and for Mars orbiter Mission. 
As is obvious from the figure the characteristics of the tra- 
jectory are entirely different. A coasting of 1600 sec between 
Table 1: Mars Mission Launch Opportunities 


Departure 
Date 


Argument of | Total 
perigee 
(deg) 


velocity 
impulse (m/s) 
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the spacecraft in Trans-Mars phase 


/ cruise phase. This addition is split 
into several burns (i) to reduce the fi- 


300 


ALTITUDE (km) 
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TIME (s) 


Figure 1: Launch Vehicle Trajectory Design for Different AOPs 


PS3 separation and PS4 ignition is introduced. Two shipborne 
terminals are planned to ensure visibility during PS4 ignition 
and satellite separation events. For Nov. 5 lift-off, the AOP 
target for launch vehicle trajectory design is set as 282.7 deg. 
The payload loss due to long coasting is found to be marginal. 


Another parameter that must be ensured by the launch ve- 
hicle at the time MOM injection is right ascension of as- 
cending node (RAAN). The parameter RAAN fixes the 
launch vehicle trajectory/ parking orbit crossing point on 
the equator with reference to an inertial axis (vernal equi- 
nox). The RAAN also undergoes changes due to perturbing 
forces during phasing orbit evolution. So, RAAN at MOM 
injection is chosen such that after phasing orbit evolution, it 
will result in the RAAN required at Trans-Mars injection. As 
Earth rotates, the launch station also rotates thus changing 
the trajectory crossing point on the equator with respect to 
an inertial axis. So, the RAAN required at MOM injection 
is obtained by setting suitable lift-off time on the day of the 
launch. The RAAN at MOM in- 


jection must be 127 deg to ensure 180 
the required RAAN of 115 deg at 165 
Trans-Mars injection. For Nov. 5 150 
launch, the lift-off time is 09.08 135 
UTC (14:38 IST) which is dem- 120 
onstrated in Fig. 2. It is because ‘ot 7 
of the requirement of RAAN that Z 105 
the lift off time of the launch ve- Z 90 [---}--- 
hicle has to be very precise and 2 75 
the launch window available is & 60 
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Trans Mars Injection Strategy: 
From the parking orbit a veloc- 
ity impulse of about 1470 m/s 
must be added to the existing 
orbital velocity at perigee to put 
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nite burn loss (ii) to provide flexibility 
for lift-off day of the Launch vehicle 
(111) To validate the spacecraft systems 
before Trans-Mars phase (iv) to en- 
sure visibility of the burn events. The 
details of the maneuvers are given in 
Table 2. Final burn maneuver on Dec. 
1, 2013 sent the spacecraft towards 
Mars. The arrival is expected on Sep. 
24, 2014. Some midcourse maneuvers 
are also planned, if required, to ensure 
precise arrival conditions at Mars. 
2500 3000 
Specific Technological Features of 
MOM: 
Power system - Power generation of 
the Mars orbiter is reduced to nearly 
50% to 35% compared to Earth’s orbit due to distance 
from Sun. To meet this challenge, single Solar Array 
with 3 panels of 1.8m x 1.4m each to generate 840 W 
in Mars orbit during sunlit normal incidence is pro- 
vided. A Lithium ion Battery of 36AH is also provided. 


Communication system - To meet the challenging task 
of managing distance up to 400 million km S-band sys- 
tems are kept for both TTC and Data transmission. Delta 
Differential One-way Ranging (D-DOR) Transmitter is 
provided for ranging to improve Orbit Determination 
accuracy. Antenna System consists of Low Gain An- 
tenna, Medium Gain antenna and High Gain Antenna. 


Propulsion - Unified bipropellant system is used for or- 
bit raising and attitude control. The propulsion system 
consists of a 440N Liquid Engine and 8 numbers of 22N 
thrusters. Additional safety and redundancy features for 
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Table 2 : Trans-Mars Injection Burn maneuvers 


Burn Epoch Apogee after | Velocity Impulse | Period 
Burn (km) (m/s) (hrs) 
05-11-13) 15222087 23560 PSLV XL 
07-11-1300 iisT 28786 


91.30 
[01-12-13 0049 1sT_| Tr | 647 


Mars Orbit Insertion [MOI] are included to ensure ig- 
nition of the thruster after a long duration of 300 days. 


Thermal system is designed to cope with a range of 
thermal environment considering that average solar 
flux at Mars is 589 W/m? (42% of flux at Earth orbit). 


On-board autonomy is provided because communi- 
cation may take a duration between 6 to 43 minutes 
and real time interventions are not possible due to 
large distances. Autonomy logic manages the space- 
craft when occulted by Mars, Whiteouts /Black- 
outs due to Sun, and when S/C enters safe mode. 


Science Objectives: 
The science objectives of the Mars Orbiter Mission are: 
» Exploration of Mars surface features morphology, 
topography, mineralogy. 
» Study of constituents of Martian atmosphere , dy- 
namics of upper atmosphere. 
» To detect emanation of gaseous constituents from 
surface/subsurface looking for clues on petrogenic 
or biogenic activities. 


Accordingly there are five payloads, all indigenously de- 
veloped. They are : 


» Lyman Alpha Photometer (LAP) to study the es- 
cape processes of Mars upper atmosphere through 
Deuterium / Hydrogen 

» Methane Sensor for Mars (MSM) to detect Meth- 
ane presence 

» Martian Exospheric Composition Explorer (MEN- 
CA) to study the neutral composition of Martian up- 
per atmosphere 

» Mars Colour Camera (MCC) for optical imaging 

» TIR Imaging Spectrometer (TIS) to map surface 
composition and mineralogy 


Details of each of these science payloads describing the 
objectives and operations are given in separate articles 
in this issue. 


Source: 
www.isro.or 


Beyond MOM: The Future of Mars Exploration 
For the future missions to Mars involving landers, rovers and 
sample return experiments, the most important development 
needed is efficient aero-assist technology for descent. Mars 
entry, descent and landing are fraught with many new engi- 
neering challenges. One of the important challenges emanate 
from an atmosphere, which is thick enough for substantial 
heating, but not sufficiently dense enough for providing low 
terminal descent velocity. Also the surface environment is 
made of complex terrain patterns with rocks, craters, and dust. 


At this juncture, the initial journeys for Mars settlement are 
conceived another 25 years into the future, beginning from 
2035. Radiation in space is a major issue to contend with. 
From the standpoint of humans in interplanetary space, 
the two important sources of radiation for the Mars expe- 
dition are, the heavy ions (atomic nuclei with all electrons 
removed) of galactic cosmic ray and sporadic production 
of energetic protons from large solar particle events. An- 
other important factor for the Mars expedition is absence 
of gravity during Mars transfer trajectory. One of the ma- 
jor effects of prolonged weightlessness seen in long-dura- 
tion space flights has been an extended loss of bone mass. 
So, there are many interesting challenges ahead for the 
next generation of young scientists in the coming decades. 


V. Adimurthy 
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Trivandrum 
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Payloads onboard 
Mars Orbiter Mission (MOM) 


Lyman Alpha 
Photometer (LAP) 


Mars Colour 

Camera (MCC) 

Methane Sensor for 

Mars (MSM) 

Thermal Infrared 
Imaging Spectrometer (TIS) 


Mars Exospheric Neutral 
Composition Analyser 
(MENCA) 


Design of MOM Spacecraft 
showing payloads at their respective mounting locations 


A series of articles about these payloads are presented in this section 
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Lyman Alpha Photometer (LAP) 


‘Lyman Alpha Photometer-LAP’ is one of the scien- 
tific instruments of the payload suite flown on MOM 
spacecraft, which is India’s maiden mission to the red 
planet, Mars. LAP is a far-ultraviolet (FUV) instru- 
ment and is the first Indian space-based photometer 
developed utilizing the absorption gas-cell technique. 
LAP payload on the MOM spacecraft is located on 
the +ve Roll panel of the spacecraft’s top deck with 
the front optics facing +Yaw direction and targeted 
for near periapsis operations. Fig. | presents the near- 
periapsis LAP observation strategy in MOM-orbit. 
This payload is developed at ‘Laboratory for Electro- 
Optics Systems’ a unit of Indian Space Research Orga- 
nization. LAP is primarily dedicated to measure the rela- 
tive abundance of deuterium and Hydrogen from their 
Lyman-alpha emissions (D-La @ 121.534 nm and H-La 
@ 121.567 nm) emanating from the Martian exosphere. 
Complementary science investigations are the in-situ 
estimation of deuterium enrichment and to further the 
understanding of loss process of water from Martian at- 
mosphere. LAP is developed as an absorption gas cell 
photometer in the electromagnetic spectrum for the 
spectral band of 115 nm to 125 nm. Fig. 2 is the picture 
of LAP flight model that was flown on MOM spacecraft. 


Instrument Configuration and design: 

As shown in the Fig. 3, the fore-optics comprising of a 
plano-convex lens collects the input radiation and trans- 
mits to the gas cells. Gas filled cell(s) of the instrument 
works as an effective narrow band-pass rejection filter 
at hydrogen and deutertum Lyman-a wavelengths i.e., 
at 121.567 nm and 121.534 nm respectively. Tungsten 
filament is used to thermally dissociate the gasses in to 
atoms. These atoms will resonantly absorb the incoming 
hydrogen/deuterium Lyman-o, radiation at their wave- 
lengths. Quadruple redundancy exists for tungsten fila- 
ment in each gas cell. A coarse Lyman-a filter placed in- 
front of the detector cuts-off the undesirable radiation 
that lies outside the wavelength range of interest. A solar- 
blind side-on type photo multiplier tube (PMT) is used as 
the photon detector. LAP instrument detection unitserves 
the purpose of single-photon detection and processing. 
This unit comprises all the necessary power supply 
electronics and front end control processing electron- 
ics for data downloading through tele- 
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consisting of 4 sub-cycles with pre-set parameters. If any 
changeover is required from the power ON mode of opera- 
tion, default set parameters can be modified by using data 
command. These data commands will be uploaded to LAP 
processing logic via the spacecraft Telecommand interface. 
The LAP processing electronics decodes the serial data com- 
mand to cater to the different operational modes of LAP. 


System Interfaces: 


my isc. « LAP Observation 


Points 


Figure 1: LAP payload observation strategy 


1. POWER Interface: LAP FM payload draws power from 
Raw Bus (RB) of 28-42 V. 

2.Analog Telemetry Interface: Six analog telemetry chan- 
nels are provided by LAP, which are monitored by Te- 
lemetry. They are: + 5V monitor, High Voltage (HV) 
Health monitor, Hydrogen Gas Cell Filament Voltage 
monitor, Deuterium Gas cell Filament Voltage monitor, 
temperature monitor on Hydrogen gas cell and tempera- 
ture monitor on Deuterium gas cell. 

3. Digital Telemetry Interface: Two serial 8-Bit Digital 
Telemetry lines are provided by LAP FM, which are to 
be monitored by Telemetry. LAP serially transmits 8-Bit 
data with MSB shifted out first. The two serial words 
are Digital Telemetry Data (LSB) and Digital Telemetry 
Data (MSB). 

4. Telecommand Interface 4.1 Pulse command: Two pulse 
commands are required from Telecommand. They are: 
1. LAP ON Command and 2. LAP OFF Command. The 
pulse width for these commands is > 50 ms, typically 64 
ms and amplitude is 05V. 

5. Data command interface: To cater to different modes 
of operation of LAP, 16 bit data command is required. 
After receiving data command, operational sequence of 
LAP changes at the end of Master cycle. Subsequently if 


Table 1: Salient features of LAP payload 


the salient features of the LAP payload. (eit ete 
the salient features of the LAP payload. 

Range of Operation 3,000 km - periapsis - 3,000 km 
Operation Sequence and Modes: Observation Time (hr) 150 minutes per orbit 
LAP has two modes of operation viz., 


i) Default mode of operation and ii) Se- /ntegration Time (s) 1-60 
lected mode of operation. Once instru- == by ground command 
ata Rate (bps 64 
ment is powered ON, LAP performs Size(mm?) ~~~~«&R ex 1389x1005 
measurements in the default mode 


of operation. LAP Default mode of ass (kg) 


operation comprises a Master Cycle 


1.97 
‘otal Power (W) 8 
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Figure 2: Lyman Alpha Photometer-Flight Model 


any data command is received, operational sequence of 
LAP gets updated at the end of the Cycle. Type-2 Data 
command Interface is chosen for LAP. In this Main and 
Redundant Decode Signals are ORed in Telecommand 
Package and given as a single 3 (three) line interface. 
LAP electronics end has only one Data command re- 
ceiving interface. 

6.BDH Interface: LAP provides data to BDH, which will 
be transmitted tois selected for LAP. BDH system re- 
ceives Serial Data synchronized with Clock and Data 
window through CMOS interface. When Data window 
is high, Data is valid. Clock from LAP will be continu- 
ously transmitted. Data can be read by BDH when Data 
window is high. Data Window will not be periodic. 1- 
sec is the minimum time gap between two successive 
Data windows. So Data window to BDH will be ran- 
dom. Whenever data is ready, Data window will be made 
high. LAP will serially transmit data with MSB shifted 
out first. Data Packet size is 64 bits. Data and Data Win- 
dow from LAP are synchronized with rising edge of the 
clock, so BDH will read data on the falling edge of the 
clock. LAP provides main and redundant channels of 
Data, Data window and Clock to BDH through CMOS 
interface. Orbit time tagging will be done by BDH to 
LAP 64-bit data. 

7.Mechanical Interface: LAP will be mounted to space- 
craft’s top deck panel through 6-M4 screws along +ve 
Roll axis, orienting in +Yaw direction. 


light-weighted 
EOM struct 


Figure 3: LAP instrument configuration 


P 
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System Testing and Performance: 

The performance of the Lyman Alpha Photometer (LAP) 
for Mars was evaluated at the Integrated Payload lev- 
el. The source used in the test-setup is a RF powered 
Lyman-alpha source that emits the radiation at hydro- 
gen and deuterium wavelength at similar flux levels. 
Source flux can be changed by changing source heater 
set-point through source operating control software. 
D/H ratio estimation employing LAP FM payload is 
verified during all test and evaluation phases at a fixed 
source heater-set point and is verified further for differ- 
ent source fluxes (at different source heater set points) 
by operating the hydrogen and deuterium gas cells in 
a cyclic manner. The integrated FM payload has been 
subjected to random vibration for acceptance levels. 


Calibration and Characterization Aspects: 
Following is the list of calibration/character- 
ization activities involved in LAP Payload. 
» Filament calibration in gas environment 
» Gas cell spectral characterization 
» Source beam flux calibration employing a cali- 
brated 
» NIST photodiode 
» Measurement of instrument dynamic range and 
» Sensitivity estimation 


Dynamic range Vs Martian Flux Vs Expected LAP 
counts: 

This activity is carried out employing D2 lamp source 
that can produce higher flux and counts were re- 
corded by powering the instrument through LAP 
test-console in Source-OFF and in Source-ON 
conditions. Instrument measured dynamic range 
is 1x100 counts per second to 5x10’ counts/sec. 


Sensitivity versus extrapolation to Martian Condi- 
tions: 


Average Measured LAP sensitivity = 16 counts per sec/Rayliegh 


Altitude Lyman-a flux LAP counts 


(km) (Rayleigh) (Cell ON time:10 sec) 


8.8 x 105 


3.68 x 109 


Scheme of D/H ratio estimation from On-board 
data: 


2.21 x 103 


ny / ny = . (ee i ie 2 


The isotope ratio is obtained from ratio of absorbed in- 
tensities. ‘s’ is the calibration factor (retrieved during 
cell photo-absorption studies.) 


I,» Intensity absorbed by D-Cell = I(H-cell off, D-cell- 
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off) - I(H-cell, off, D-cell-on) Methane Sensor for Mars (MSM) 


I,,, Intensity absorbed by H-Cell = I(H-cell off, D-cell- i j ; 
off) - I(H-cell, on, D-cell-off) Detection of methane in the Martian atmosphere has gen- 


erated lot of interest among planetary scientists. Presence 
of methane in the atmosphere can be either due to biologi- 
cal or geo-chemical processes. So far four separate groups 
have detected methane on Mars. It has to be emphasized 
that measurements were often within the limits of respec- 
tive instrument sensitivities and uncertainties involved were 
large. It is found that spatial distribution of methane in the 
Martian atmosphere is characterized by localized sources. 
Observations suggest that emission of CH, is episodic in 
nature with its concentration coming to minimum between 
episodes. Methane concentration also undergoes seasonal 
and annual variations. Estimated half-life of methane due 
to photo chemical reactions within the Martian atmosphere 
is few hundreds of years whereas observed half life is less 
than one year which implies presence of methane sinks in 
the soil. Both methane generation and its extinction could 
be explained by an ecology of methane-producing (metha- 
nogens) and methane-consuming (methanotrophs) microor- 
ganisms. The origin of methane could also be geologic in 
nature where water reacts with hot rocks and produces meth- 
ane gas which escapes through pores in the planet’s surface 
in a process called serpentinization. Some strong oxidants 
like perchlorates found in Martian soil can reduce CH,,. 


L.M. Viswanathan 
(PI, LAP) 
Email: mvis@leos.gov.in isi a 
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K. Kalyani 
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MSM, Methane Sensor for Mars is designed to measure total 
column of methane in the Martian atmosphere from an orbit- 
ing platform. It is a differential radiometer based on Fabry- 
Perot Etalon (FPE) Filters. Measurement accuracy of MSM 
is of the order of ppbs. MSM can map the sources and sinks 
of methane by scanning the full Martian disc from apogee 
position of Mars Orbiter. By correlating the temporal and 
spatial variation of methane with other geophysical parame- 
ters, it may be possible to find out more about the processes, 
biotic or abiotic which determines the dynamics of methane 
cycle within the Martian atmosphere and ultimately solve 
some of the pertinent questions regarding the existence of 
life forms (extinct or extant) in Mars. 


Monika Mahajan Ay 
Email: monikam@leos.gov.in ss: 
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Email: mvhrao@leos.gov.in 


Sensor Configuration: 

Fig.1 gives the optical configuration of FPE sensor. Fore- 

optics collects radiance from the scene and focuses it onto 

a field-stop which defines the FOV of the sensor. Diverging 

beam from the field stop is collimated and then divided into 
Table 1: Salient features of MSM 
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Fabry-Perot 
Etalon, g@=0° 


Detector 
CH4 Channel 


Fabry-Perot 
Etalon g_40 


Detector 
Reference Channel 


Figure 1: Optical Configuration of Fabry-Perot Etalon Sensor 


Atmospheric 
Transmission due to CH 


Etalon Transmission 


VVavenumber, cm! 


: Transmission of Mars atmosphere due to CH, absorption 


: Transmission of main FPE (T, K) 


<= : Transmission of reference FPE (T, K) 
Figure 2: Spectral response of CH, channel, reference channel and transmission of Mars atmosphere. 
Even though etalons are identical, spectral bands of reference channel are shifted due to difference in tilt angle 


two parts by a beam splitter. One part of the beam transmits 
through FPE filter of methane channel whereas the other part 
transmits through FPE filter of reference channel and then 
focused onto respective focal planes. InGaAs photo diodes 
are used as detectors. 


An FPE filter transmit optical radiation at regular intervals of 
frequency. FPE filters used in methane and reference chan- 
nels are exactly similar. But, FPE filter of reference channel 
is tilted by about ldeg with respect to the optical axis so 
that its transmission peaks are slightly shifted. Fig. 2 gives 
the spectral response of CH, and reference channels along 
with transmission of Mars atmosphere. Transmission bands 
of first etalon exactly coincide with the absorption lines of 
CH, where as transmission peaks of reference etalon are 
positioned in between the gaseous absorption lines where 
absorption is nil. Radiance measured in methane channel 
varies with methane concentration in the atmosphere where 
as that of reference channel is insensitive to it. So the dif- 
ferential signal gives a measure of CH, in the atmosphere. 
Since gaseous absorption channels and reference channels 
are so near, ground reflectance and atmospheric scattering 


will be same. So the data can be fully corrected for aero- 
sol scattering and ground reflectance. Important perfor- 
mance parameters of MSM are given in Table 1. Fig.3 
gives the realized FM model. 


MSM had undergone all kinds of functionality checks 
during the Earth bound phase of the mission. It was 


Figure 3: MSM-FM model 
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Radiance Image (Ref.Channel) Mars Exospheric Neutral Composition Analyser 
| (MENCA) 


MENCA, acronym for Mars Exospheric Neutral Compo- 
sition Analyser, is a quadrupole mass spectrometer based 
scientific payload, capable of measuring relative abun- 
dances of neutral constituents in the mass range of | to 300 
amu, with a unit mass resolution. The detectors being used 
in MENCA are Channel Electron Multiplier (CEM) and 
Faraday Cup (FC). A suitable combination of Radio Fre- 
quency and DC voltages are applied to the alternate pairs 
of quadrupole rods to accomplish the mass separation and 
thereby the determination of partial pressure of species. 
Also, MENCA has an in-built pressure gauge for the mea- 


Pixel No (Geometric) surement of total pressure. In addition to acquiring the mass 
Figure 4: Radiace image from reference channel. spectra in a specified mass range (which can be varied), the 
(Scene : Part of Saudi Desert) instrument has a provision to study the time-evolution of 


a set of selectable species in the trend mode of operation. 


fi that all payload health t ithin th 
eee ee Parameters are within the The dynamic range of the instrument is in the order of 1010. 


specified limits. MSM acquired three Earth images as 
part of geo physical validation exercise. The data is be- 
ing analyzed. Fig. 4 gives a radiance image acquired 
over Saudi desert. 


The primary science goal of MENCA is the in-situ mea- 
surement of neutral composition and distribution of the 
Martian upper atmosphere and exosphere, and to examine 
its radial, diurnal, and possibly seasonal variations. The in- 
strument has telecommand, telemetry and data interfaces 
to the spacecraft. Optimal combination of operating pa- 
rameters, which can be chosen through telecommands, will 
be used to control the instrument at different observation 
phases so that best possible scientific data could be derived. 


Kurian Mathew 

(PI, MSM) 

Email: kurian_mathew@sac.isro.gov.in 
Contact: +91- (0) 79-26913812 
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It is believed that the young Mars had an atmosphere sub- 
stantially thicker than what it is today; sufficient to retain 
water in its liquid form. The data from the previous and cur- 
rent missions to Mars indicate possible water-flow on the 
surface of the red planet. Due to various thermal and non 
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Space Applications Centre-ISRO Figure 1: MENCA flight model in its full configuration. 

Ahmedabad The power module is not shown in the picture. 
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Table 1: The major specifications of the MENCA payload are as follow 


Sensors Quadrupole Mass Analyser (for relative abundance 
measurement) and Bayard Alpert Gauge (for total 
pressure measurement) 


Channel Electron Multiplier (GEM) and Faraday Cup 


Mass range and resolution 1 to 300 amu (programmable) with unit mass 
resolution 


Dynamic range of partial pressure 101° (10-4 to 10-14 Torr) 
Instrument mass (with the power module) 3.56 kg 
Raw Power consumption in normal mode 


Interfaces with spacecraft Power, Telemetry, Telecommand, Data 


thermal processes the Mars lost its atmosphere deserting it in 
its present form. Study of the composition and the distribu- 
tion of the Martian exosphere by MENCA may help in un- 
derstanding the thermal escape of the Martian atmosphere. 


The MENCA derives its heritage from the CHACE 
(CHandra’s_ Altitudinal Composition Explorer)  ex- 
periment aboard the Moon Impact Probe in the Chan- 
drayaan-1 mission. The development of MENCA is 
spearheaded by Space Physics Laboratory (SPL) of the 
Vikram Sarabhai Space Centre (VSSC), Thiruvanan- 
thapuram, and ably supported by other Entities of VSSC. 


The instrument has been successfully commissioned on 
Nov. 13, 2013 at 15 UT and was operated for an hour while 
the spacecraft was in the Earth-bound orbit at distance of 
around 70,000 km from the Earth. Its health was found to 
be normal. MENCA will be operated several times during 
10-months journey of mission to Mars before insertion into 
Martian orbit on Sep. 24, 2014. MENCA will be operated 
as per plan in the Martian orbit to obtain valuable scien- 
tific information on the Martian exospheric composition. 


Anil Bhardwaj 
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Mars Colour Camera (MCC) 


Mars Colour Camera (MCC), operating in the visible 
range (0.4 um to 0.7 um) is a medium resolution camera 
flown on the Mars Orbiter Mission. MCC is designed 
to be a versatile and multi-purpose camera. It will im- 
age the Martian surface from a unique and highly ellip- 
tical orbit (372 x 80000 km). It will observe and map 
the morphostructural features and dynamic events like 
dust storms, dust devils etc. From the proposed ellipti- 
cal orbit, the camera will return good quality images of 
Mars and its environs with varying altitudes and spatial 
resolutions. 


Mars Colour Camera (MCC) will provide raw images in 
Bayer Pattern. Highly elliptical orbit of MARS-1 mission 
allows imaging of localized scenes at high spatial resolu- 
tion as well as synoptic view of the full globe. MCC is 
expected to meet the following scientific objectives: - 


» Surface Features: 

Surface features of Mars would be imaged with vary- 
ing resolution and scales using the unique elliptical or- 
bit of MOM. These include craters, mountains, valleys, 
sedimentary features, and various volcanic features. The 
FOV of the sensor covers full disc of Mars. Simultane- 
ous imaging of very large swath of Martian surface for 
an extended period is suitable for monitoring large scale 
Martian morpho-tectonic features like rift valleys, mega 
faults etc. 


Mars Colour Camera flight model 
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» Methane Source: 

The geological setting of the area of interest around meth- 
ane sources would be mapped. The presence of methane 
is been debated for its nature of origin on Mars i.e. biotic 
or abiotic. The rocks and their structures will be stud- 
ied in detail around the sites of Methane concentration 
picked up by the fellow sensor onboard MOM, the MMS 
(Mars Methane Sensor). Thus the expected results from 
the MOM sensor would be co-analyzed with MCC for 
determining their nature of source. 


» Polar Ice Caps: 
Martian polar ice caps and its seasonal variations would 
be studied using the MCC imageries. The Mars polar re- 
gion is highly dynamic showing lots of seasonal varia- 
tions. MCC would be used to monitor, at least for six 
months, the opportunistic ICE COVER CHANGE (ICC) 
on the Mars. 


» Dust Devils: 
The other important dynamic physical phenomena on 
Mars is the dust ‘devils’ or dust-storms. The dust phe- 
nomenon is sometimes so strong that the entire globe is 
engulfed with hazy cover. The dynamic behaviour will 
be worth monitoring during the MOM time frame. 


» Exo-Mars Studies: 
Besides Mars, the MOM would get an opportunity to 
image the natural satellite of Mars (Phobos) and other 
asteroids encountering the orbit. 


» Context Information: 
One of the most important tasks of the MCC would be to 
provide context information for other science payloads. 
This will help to interpret the data from the other sensors 
in a better way. 


It may be noted that Martian surface has been imaged 
during previous missions by other instruments (for ex- 
ample MRO-HiRISE) with better spatial and spectral 
resolution. However, highly dynamic nature of the Mar- 
tian atmosphere and surface requires that every mission 
has its own imaging payload. MOM has uniqueness in 
terms of its highly elliptical orbit. Earth orbit imaging 
experiments using MCC camera has yielded good qual- 
ity images and it is expected that MCC will return very 
good quality images from Mars as well. 


Project proposals having sound science objectives and 

unique approach are welcome from the science commu- 
nity. 

A.S Arya 
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Thermal Infrared Spectrometer (IIS) 


Knowledge on type of minerals present in any planetary 
system provides the information on the conditions under 
which minerals are formed and process by which they are 
weathered. Specific absorption features of surface mineral 
composition manifest in thermal emission spectra observed 
from Thermal Infrared Spectrometers. Precise detection of 
specific spectroscopic features allows estimation of surface 


Plane Reflection 
Grating 


Fore Optics 


Collimating 
Optics 


Figure 1: Schematic diagram of TIS Imaging Chain 


composition and atmospheric parameters (Bandfield 2002, 
Herr, et al. 1972, Salisbury and Walter 1989, Pleskot and 
Kieffer 1977, Christensen et al. 2005). Many early space- 
craft infrared spectrometers (IRS, IRIS, ISM, IRTM, TES, 
THEMIS) have been flown for Mars to study the surface 
composition. The initial spacecraft infrared spectrometers 
were on Mariner 6 and Mariner 7 Flybys. In 1971, Mariner 
9 began orbiting Mars, and its infrared interferometer spec- 
trometer (IRIS) returned many spectra. Distinct absorption 
in the 9 and 20 um spectral regions were observed in Viking 
Infrared Thermal Mapper (IRTM) data which confirmed ba- 
salt like sand surfaces in dark region. Next spectrometer sent 
to Mars was French built Imaging Spectrometer for Mars 
(ISM) on the 1989 Russian Phobos 2 flight. In 1997, the 
Mars Global Surveyor arrived at Mars, carrying the Thermal 
Emission Spectrometer (TES). It was followed by another 
important thermal radiometer (THEMIS) on board Mars Od- 
yssey Mission. In spite of years of telescopic study and the 
flight of many spectrometers to Mars, very little is known 
about the minerals present on Mars. There is need to carry 


Table 1: Thermal Infrared Imaging Spectrometer (TIS) 
Characteristics 


258m @ Periareion (@372km) 
55 km @ Apoareion (@80000km) 


Spatial Resolution 


8800kmx 55km @ Apoareion 


b 


ee Back to Contents ~! 


Emissivity 


—olivine 


serpentine 


Wavelength, micrometer 


Figure 2: Emissivity spectra of Olivine and Serpentine 
measured through FTIR in laboratory 


out further measurements in thermal region for addressing 
science issues associated with mineral composition. 


Thermal Infrared Imaging Spectrometer (TIS) is one of the 
five instruments onboard first Indian Mars Orbiter Mission 
launched on Nov. 5, 2013. TIS would detect thermal emitted 
radiation from Martian environment in 7-13 um Infrared re- 
gions using micro bolometer device (Table 1). TIS consist of 
fore-optics, slit, collimating optics, grating and re-imaging 
optics. A 120x160 element bolometer array is placed at the 
focal plane of the re-imaging optics. The longer axis of the 
detector is aligned in the cross-track direction. So, 160 de- 
tector elements in the cross-track direction define the swath 
coverage of the sensor while 120 elements in the along track 
direction define the spectral range. By binning pixels in the 
along track direction, it is possible to select the required 
spectral sampling interval as well as number of spectral 
bands. An optical schematic showing the imaging chain of 
TIS is given in Fig. 1 (SAC 2013). 


TIS will be useful in mapping important mineral composi- 
tions and surface temperature during perigee imaging and 
it will be used for assessment of global temperature distri- 
bution and aerosol turbidity in Martian atmosphere during 
apogee viewing. The important science goals from Thermal 
Imaging Spectrometer are as follows, 

» To estimate ground temperature of Mars surface 

» To map surface composition and mineralogy of Mars 

» To detect and study the variability of aerosol/dust in 

Martian atmosphere. 


4005 
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At-sensor radiance, W/m?2/sr/um 
uw 


Wavelength, um 


Figure 3: Simulated at sensor radiance at different 
Martian surface temperature using RT modeling. 


» To detect hot spots, which indicate, underground 
hydrothermal systems. 


The analysis of TIS data would involve estimation of 
brightness temperature from observed and calibrated 
thermal radiance data. Retrieval of surface temperature 
and emissivity spectra for different regions would be 
carried out. This would involve RT modeling in ther- 
mal infrared spectral region at different atmospheric 
conditions of Mars. Estimated emissivity spectra would 
be compared with different Mars analog mineral emis- 
sivity spectra. It is proposed to generate the emissivity 
spectra between 7- 13 um for minerals reported to ex- 
ist in Martian surface. Thermal infrared spectrum of a 
mixed surface will be modeled as linear combination of 
the end-member spectra weighted by the area weighted 
concentration of each end-member. Mineral end-mem- 
bers based on spectral library will be used to generate the 
mineral composition using TIS data. 


Feasibility experiments were carried out, which involved 
(a) spectral signature measurements of various minerals 
in 7-13 pm using FTIR instrument (Fig. 2); (b) theoreti- 
cal simulations of satellite-level radiances for TIS spec- 
tral bands (Fig. 3); and (c) satellite data analysis using 
THEMIS data onboard Mars Odyssey Mission (Fig. 4). 
Fourier Transform Infrared Spectrometer was used to 
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Figure 4: Mars thermo-physical parameters (a) radiance in W/cnr/unvsr, (b) surface temperature 
in K and (c) surface Emissivity estimated from THEMIS observations trom band 3 (7.93 1m) 
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measure the spectra for selected minerals such as, ol- 
ivine, serpentine etc known to exist in Martian surface 
(Fig. 2). It can be seen from Fig.2 that, minerals are as- 
sociated with lower emissivity in 9 to 10 um range in 
comparison to 8 um wavelength. Serpentine has lower 
emissivity in comparison with Olivine near 10 1m wave- 
length. Theoretical simulation using RT modeling shows 
that emitted peak thermal radiance can vary from 0.5 to 
8 W/m?’-um-sr depending on surface temperature vari- 
ability from 170 to 290 K (Fig. 3). THEMIS data analy- 
sis on representative scene shows variability of surface 
temperature from 220 to 250K and emissivity from 0.5 
to 1 in different spectral channels (Fig. 4). 


Further Reading: 

1.Bandfield, J.L., (2002) JGR, Vol. 107, No. E6, 5042, 
10.1029/2001JE001510, 2002. 

2.Christensen, P. R. et al., (2005) Nature, 436, 
doi:10.1038/nature03639, 2005. 

3.Herr, K.C. et al., (1972) App. Optics, 11, 493-501, 
1972. 

4.Pleskot, L. and Kieffer, H., (1977) Icarus, 30, 341- 
359, IDW7, 

5.SAC, (2013) SAC-MOM-05-MAY2013. 

6.Salisbury, J.W. and Walter L.S., (1989) JGR, Vol. 94, 
9192-9202, 1989. 
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Encounter of Comet C/2013 Al (Siding Sprin, 
with the Planet Mars - A rare event 


Once in a while, an Oort cloud comet enters the inner solar 
system. Their normal trajectory takes them close to the Sun 
and then some are lost or sent back to the outer regions. 
Despite the relative emptiness of the inner regions, there are 
chances of a close encounter with one of the solar system 
objects (other than the Sun) of these regions. Usually this 
is the planet Jupiter with its large mass (next only to the 
Sun) dominating the rest of the Solar system. A spectacular 
example of such a comet was the Comet Shoemaker-Levy 
9, which broke up into 21 pieces with each of them crashing 
into Jupiter one after another over a period of six days during 
July 1994. Similar encounters must have happened between 
comets and planets other than Jupiter in the past. In some 
cases there were close passes and actual collisions did not 
take place. One such encounter is expected to occur between a 
comet and the Planet Mars during Oct. 2014. This comet was 
discovered early in the first fortnight of Jan, 2013 and hence 
carries the otherwise unremarkable name tag of C/2013 Al. 


Robert McNaught discovered the comet at the Siding Spring 
Observatory in Australia on Jan. 3, 2013 using a 0.5m 
Schmidt telescope. Robert McNaught is a prolific comet and 
asteroid discoverer with 82 comets and 469 asteroids being 
ascribed to him. He is famous for the discovery of the Great 
Comet C/2006 P1 McNaught which became easily visible 
to the naked eye for observers in the southern hemisphere. 
Pre-discovery images were found for C/2013 Al from the 
archives of various all sky surveys (e.g. Catalina Sky Survey 
and PanSTARRS) from a few months earlier when the comet 
had gone undetected. This allowed a quick determination of 
the orbit of the comet. During the earliest days, with the orbit 
being still quite uncertain, it seemed that there was a very good 
chance of a collision of the comet with Mars. Calculations 
assuming that the nucleus had a diameter of 50 km, showed 
that if it collided, it would leave a crater of the size of the 
state of Gujarat (about 500 km wide) on the surface of the 
planet. The hit may loft huge amount of dust, sand, water, 
and debris into the Martian atmosphere, possibly launching 


Figure 1: An artist's conception shows a comet streaking 
through Martian skies with rover opportunity on Martian 
surface (Source: Steven Hobbs/Stocktrek Images via 
Getty Images) 
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around the Sun (Fig. 3). At perihelion, it would 
be within the orbit of Mars at about 1.4AU. 


On Mars, at the Gale crater (site of the Curi- 
osity rover) the comet will rise just after clos- 
est approach and will be moving relatively 
fast in the sky. It would be local daytime at 
the Gale crater at closest approach. It should 
appear as an extremely bright object moving 
rapidly (nearly 2 degrees per minute) across 
the Martian skies. At this time, it would be 
comparable or brighter than how Venus 
appears in our evening/morning skies. It 
should be however brighter than Deimos and 
fainter than Phobos as seen on Mars, but, 
much larger in extent than either of them. 


-24:46:00 


*Oct/19.75/2014 


-24:56:00 


This is an unprecedented apparition of a 
comet when it could be observed in great de- 
tail from two different planets. It is thrilling 


Figure 2: Sky chart for Oct. 19, 2014 at 18:23 UT from 
Xephem output (Unpublished Work) 


in a warmer and wetter Mars, temporarily. However, with 
improved understanding of the orbit from additional observa- 
tions, it is now clear that the comet will not be hitting Mars 
but will fly past the planet at about 142,000 km above the 
surface of the planet (Dec, 2013 ephemeris calculations from 
NASA/JPL/HORIZONS - Unpublished Work). We note that 
the natural satellites of Mars, Phobos and Deimos orbit the 
planet at about 6000 and 20,000 km from the Martian surface. 


At the time of discovery, Comet C/2013 Al was about 7.2 AU 
(astronomical units) away from the Sun. Currently it is about 
4AU away from Mars and visible with large telescopes in the 
southern constellation of Eridanus moving northwards in to 
Fornax in Jan, 2014. The comet is expected to be at perihe- 
lion on Oct. 28, 2014, a few days after the closest approach 
to Mars. The closest approach to Mars would be on the Oct. 
19, 2014 at 18:23 UT as per the ephemeris calculations of 
HORIZONS system of JPL, just a couple of weeks after 
the two space craft MOM and MAVEN start orbiting Mars. 


Fig. 2 shows the view of the sky in the vicinity of Mars, 
as seen from Earth at 18:23 UT on Oct. 19, 2014. Mars 
moves eastwards in the above field while the comet is mov- 
ing northwards as seen from Earth. The trail of the planet 
and the comet are shown relative to the background stars 
(most of which are rather faint and in the range from 13 
to 18mag). Thus at closest approach, the field of a typical 
telescope would be dominated mostly by the planet Mars 
and any imaging attempts would need to take into account 
the large dynamic range required to image the bright planet 
with the faint comet (difference of about 7 magnitudes). 


The orbital plane of the comet is inclined to the ecliptic plane at 
an angle of 129degrees so that as seen from above the plane of 
the ecliptic it appears that the comet is in a retrograde motion 


to imagine that a comet is transiting exactly 
through the array of spacecrafts in orbit and rovers on 
the surface of Mars. These, in combination with Earth 
based observatories and other space-based observatories 
will provide us with a large amount of information from 
different directions. The case of comet C/2012 S1 (ISON) 
is a good example of such observations. We shouldbe 
able to get a vast amount of information from various 
vantage points to reconstruct a 3D view of the comet. At 
this time, what is believed to be of scientific interest is the 
comet’s coma, which may indeed very well swathe Mars 
and the orbiting satellites. Cometary comae are typically 
of the order of 1,00,000 km in diameter. Considering this 
gigantic size, it is worth speculating that Mars’ transit 
through the cometary envelope may modify its surface 
due to bombardments by dust particles, as well as posing 
a threat to rovers and satellites orbiting around the lifeless 
planet. Another likely conjecture emerging from the dual 
interaction is a sequence of spectacular auroral events that 
might begin due to excited atoms/molecules returning to 
ground state. Certainly, if all goes well as per the work- 
ing teams plan ahead, the orbiting satellites and rovers 
may make it possible to capture such stunning, once in a 
lifetime, auroral events. Further adding on to a more fair 
hearsay would be plans to explore or characterize the 
morphology of coma’s neutral particles or ions, which 
may possibly reveal during the Mars-sized probe into the 
cometary coma. Taking together these scientific specula- 
tions by amateurs or experts, the overall intention is to 
really understand and project bonus science opportunities 
that we may really get through this rare event. It indeed 
demands for a stage to set wherein instead of worrying 
and speculating on the random possibilities, we should 
rather plan and propose for remote observations and in- 
situ measurements using the family of orbiters and rovers. 


Confident with the belief that our multiple electronic 
eyes on and around Mars would certainly record several 
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incredible passages of and through the comet, we elbow 
down to discuss some of the possible science opportuni- 
ties that seem important to us at this stage of uncertainty. 
Of major significance is relevance of these scientific 
themes to the orbiting satellites taking measurements 
from different altitudes, viz. MRO, Mars Odyssey, Mars 
Express, MAVEN, and MOM and of those two rovers 
Opportunity and Curiosity. It is important to mention here 
that the comet at the time of closest approach would be 
on the sunward side of the planet, so let’s keep our fin- 
gers crossed as several unexpected things might happen. 


Observations from Earth: 

As seen from Earth, the comet would be lost in the glare 
of the planet Mars. Mars is expected to shine at mag- 
nitude of 0.87 while the comet would appear to Earth 
based observers at a magnitude of about 8. These are the 
predicted magnitudes but comets are known to brighten 
up unpredictably by over 15 magnitudes on occasion. 
Earth based locations will witness the comet approach- 
ing Mars from the southern skies and will appear to 
cross the orbital path of Mars and move northwards. 
At closest approach (not visible from Indian longitudes 
since the planet + comet would have set a few hours 
earlier) the comet would be about 10 arc minute east 
and 6 arc min south of the planet as seen from Earth. 


Morphological study of coma: 

In order to image a comet, one needs to know two vital 
aspects- for how long the comet would be observable and 
the visibility extents of comet projected on the plane of 
sky. Having set these two parameters, subsequent goals 
in succession are to assess the production rates for dust 
and various molecular gases, to explore the dust coma 
morphology, and to analyse the dust color variations for 
surveying the temporal behavior of the refractory com- 
ponent. An instrument with specific filters in the red and 
blue wavelength regions can be typically used for imag- 
ing the evolution of the dust coma morphology along 
with some image-enhancing techniques. One of the best 
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examples where evolution of dust coma morphology was 
studied using these imaging techniques is the time when a 
Jupiter-family Comet 103P/Hartley 2 passed very close to the 
Earth and was the subject of a flyby by the EPOX] spacecraft 
(interested readers may see Lara et al., 2011). Having mapped 
the dust and gas activities using these filters, we may be able 
to reveal the structure of dust coma from its morphological 
variations. The evolution of the false color maps of dust tail 
with time may help us understand the variation in dust grain 
size distribution within the coma and tail. Compared to im- 
aging by typical cameras, coordinated views of interesting 
sites from a high-resolution camera may be useful in order 
to study the pattern of dust exchange within local zones of 
the coma. It would be equally important to explore the recur- 
rence of similar morphology of coma with respect to time, 
which, in turn, would be useful to interpret the fundamental 
rotation periods (see Samarasinha, N.H., et al., 2012). Further, 
prospects to capture image of comet from Opportunity and 
Curiosity, in either case, would be spectacular, from a scien- 
tific perspective. This has been shown in the case of images 
of Phobos and Deimos taken by the Curiosity rover (Fig. 4). 


Microwave sounding: 

As we all know that as the comet (icy bodies) comes closer to 
Sun the evaporation rate increases, which results in outgassing 
of formerly frozen dust and ice particles to form a gigantic 
coma. MRO carries a Shallow Radar (SHARAD) that is 
capable of undertaking shallow measurements in microwave 
region and detect layers of ice even upto depths more than 
km. Having configured this instrument onboard MRO, we can 
certainly expect some vital information regarding the comet 
nuclei and the populations/mixing of dust grains accompany- 
ing them. Cometary radar imaging is a powerful Earth-based 
technique for probing of comet nuclei (see Harmon et al., 
2011). In our case, it would certainly not be the traditional 
delay-Doppler radar imaging of the comet nuclei, although use 
of SHARAD subsurface sounding technique may emphasize 
on the distribution of dust grains with respect to its points 
of closest and farthest approaches. It is to be kept in mind 
that the orbiting satellites and their onboard instruments are 


(Siding Spring) 


Jupiter 


Figure 3: View of the orbital plane of the comet with ref to the ecliptic. Orbits of Mercury and Venus are not 
Shown. Location of Earth at the time of nearest approach of comet to Mars is marked. The circles mark the plane 
of the ecliptic at a scale of 0.SAU. Modified output from Xephem planetarium software. (Unpublished Work) 
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Figure 4: Comparative view of Mars Phobos (Rad.~11.2 
km) and Deimos (Rad.~6.2 km) taken by Curiosity rov- 
er and Moon (Rad.~1737.5 km) as seen from Earth’s 
surface (courtesy of NASA/JPL/MSSS/ Texas A&M) 


meant to look down towards the surface of Mars and not up, 
in such case; instrumental design to mitigate may be needed. 


Thermal emissions from tail: 

Thermal imaging sensors carrying out thermal infrared spec- 
troscopy and imaging of the Martian surface are sensitive to 
the changes in thermal inertia of the surface and based on the 
variations it could detect the physical nature of surface and help 
in understanding the regional composition (see Crovisier et al., 
2000). Having an opportunity to explore a comet with these 
sensors, it would be interesting to determine the variations in 
thermal emissions from the cometary tail to determine the rela- 
tive variations in tail profile and comment on possible varia- 
tions in dust grain size. Whatsoever, it would be a challenging 
task despite the bright characteristics of comets, because the 
spread of the coma would be large at that time at perihelion. 


Composition of coma: 

Composition of a comet is always exciting as it is one of 
the fundamentals to know for predicting on how long it will 
take to decompose under the effect of tidal forces. Consistent 
to the formation of comets in a cold environment of solar 
nebula, an analysis of the composition of its volatile spe- 
cies may even provide us the key to learn its evolutionary 
history. Molecules that are essential for characterizing the 
volatile chemistry of a comet have typical vibrational bands 
available from Earth based observatories in the wavelength 
range of 2.8-3.7 um (see Russo et al., 2013). With the suite 
of instruments onboard the orbiting satellites dedicated 
to derive composition in the broad range from visible to 
thermal IR region of electromagnetic spectrum, we can es- 
sentially explore the relative abundance and spatial distribu- 
tion of molecular species like C,, C,, CN, HCN, ammonia, 
methane, nitrous oxide, CO, CO,, OH, CH,OH in the coma 
of the Siding Spring. It may be also possible that Mars at- 
mosphere may get some elevated amount of some of these 
molecules temporarily from interaction with this comet. 


Another friend of ISRO’s MOM heading towards Mars, 
NASA’s MAVEN, launched in Nov. 2013 to study the dy- 
namics of the Martian atmosphere is carrying an instrument 
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suite that will be just right for exploring the comet coma. 
However, it could be even challenging for this spacecraft 
as well, and that’s how Bruce Jakosky, the principal inves- 
tigator of MAVEN mentions “Jt takes a while to get into 
our science mapping orbit, deploy the booms, turn on and 
test the science instruments--and so on....”. MAVEN in an 
elliptical orbit around Mars would indeed desire to have a 
close sweep with the comet from a safe zone. However, 
the first priority underlined by the spacecraft teams would 
be given to the instrument health and safety and to see 
how the impact from the cometary dust might affect the 
spacecraft. Nevertheless, if all goes well as planned, then 
certainly the science teams of all the orbiting spacecrafts 
would like to explore the interaction between the up- 
per atmosphere of Mars and comet coma, and also the 
chemistry of upper atmosphere after the due interaction. 


While we are not trying to project or predict something 
stunning for the comet from the suite of instruments 
during the encounter, it is important to visualise the 
scientific possibilities and make plans for a better use 
of the opportunity being provided by nature. The ideas 
discussed here will definitely be revised and plans 
firmed up with increased understanding of the comets’ 
orbit and more importantly the orbital parameters of 
the various spacecraft. If all goes well, it may certainly 
add significant information to the understanding of 
comets and cometary phenomena as well as their inter- 
action with planets in general and Mars in particular. 


Further Reading: 
1.Lara, L.M. et al., (2011) Astron. Astrophys. 532, 
A87 (11pp). 
2.Harmon, J.K. et al., (2011) Astrophys. J. 734, L2 
(4pp). 


3.Crovisier, J. et al., (2000) ASP Conf. Series 197, pp. 
109-117. 
4.Russo N.D. et al., (2013) Icarus 222, 707-722. 
5.Samarasinha, N.H. (2012) AAS, DPS#44, #506.03. 
6.www.planetary.org 
7.www.spacenews.com 
8.www.scilogs.com 
9 http://en.wikipedia.org/wiki/C/2013_Al 
10. http://ssd.jpl.nasa.gov/?horizons 
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MISSION STORY - MARS ORBITER 


Amidst several challenges and tireless hopes in millions 
of eyes, our visitor to the red planet, the Mars Orbiter 
Mission (MOM), successfully blasted off the launch pad 
and now smoothly cruising towards its destination. After 
satisfactorily completing all the key tasks like spacecraft 
integration, launch vehicle integrated level checks and 
pre-countdown activities, the final 56.5 hour count-down 
began on Nov. 3, 2013 at 6:08 AM. After completing 
various operations/checks during this count-down phase, 
MOM finally started its journey onboard PSLV-C25 launch 
vehicle during its twenty fifth successful flight from the 
mystique island of SDSC-SHAR, Sriharikota) MOM 
will encounter the following three phases to reach Mars. 


» Geocentric Phase — includes from launch to Trans- 
Mars Injection 


» Heliocentric Phase — involves a series of Trajectory 
corrections 


» Areocentric Phase — involves Mars Orbit insertion 


The Mars Orbiter Mission is in fact technologically challeng- Lift-off of MOM Space Craft 
ing right from the launch till its insertion into the designated 
Mars Orbit. The challenge begins right from the Geocentric 
phase after launch with its primary goal of achieving a larger 
Argument of Perigee (AOP) (276.4° to 288.6° compared to 
178° in past missions) that demands a long coasting phase 
before PS4 stage ignition of PSLV. Necessary augmentations 


and changes have been done to the launch vehicle to meet 
this requirement. PSLV-C25 is tracked by a network of 
ground stations from lift-off till spacecraft separation. The 
mission was to deal with a non-visibility zone of flight 
(during the fourth stage ignition till spacecraft’s separa- 
tion) during which the rocket will not be visible from 
any of the ground stations. ISRO has deployed 
two ship-borne terminals to the Indian Ocean 
to relay critical in flight data during this period. 
After successfully accomplishing these stages, the 
Mars Orbiter Mission has been finally placed in 
an earth-bound orbit of ~ 264.1 km x 23,903 km 
at an inclination of 19.2°. This was followed by a 
series of orbit-raising manoeuvres till the space- 
craft is put into its heliocentric phase. The first 
three orbit raising manoeuvres were completed 
smoothly on Nov. 7, 8 and 9, 2013 respectively 
that raised the spacecraft’s apogee successively 
to ~28,825 km, ~40,186 km and ~71,763 km. 
However, in the fourth orbit-raising manoeuvre 
of Nov. 11, 2013, the spacecraft was imparted 
an incremental velocity of 35 m/s (instead of 
earlier planned velocity of 130 m/s) in an at- 
tempt to check certain redundant systems. This 

Mars Orbit 4 ts . = 
Insertion(MOl) operation could raise the spacecraft to ~78,276 
km only instead of the desired 1 lakh km that 
called for a supplementary orbit-raising opera- 
tion. However, the spacecraft health and func- 


MOM Trajectory 
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tionality was reported normal. The fourth supplementary 
orbit-raising manoeuvre carried out on Nov. 12, 2013 
has successfully placed the MOM spacecraft in an orbit 
having apogee 1,18,642 km. The fifth and the final orbit- 
raising manoeuvre carried out on Nov. 16, 2013 achieved 
an apogee of 1,92,874 km thus preparing the space craft 
for the next crucial stage of Trans Mars Injection (TMI). 


‘ 


First image of the Earth captured by MCC showing the Indian sub-continent 


a 


A view of Spacecraft Control Centre during crucial TMI operations 
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Payloads and other on-board equipment check-up was 
carried out before proceeding to TMI. During this check- 
up MOM has captured its first picture (from a distance of 
~67,975 km) of Earth using Mars Colour Camera (MCC). 


On Dec. 1, 2013, the spacecraft was rotated to achieve 
the right orientation before performing TMI operation. 
Later, the crucial TMI op- 
erations were successfully 
completed thereby driving 
the mission into a helio- 
centric phase. By Dec. 4, 
2013, the MOM spacecraft 
could travel beyond the 
Sphere of Influence (SOI) 
of Earth at about ~9.25 lakh 
km. As on Dec. 11, 2013, 
the first Trajectory Cor- 
rection Manoeuvre (TCM) 
was successfully carried 
out and the spacecraft was 
sailing at a distance of 
about 29 lakh km away 


Source: www.isro.gov. 
in/mars/update.aspx; 


News published in print 
and electronics media dur- 
ing Nov. - Dec. 2013 
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MOM spacecraft on its track towards MARS 
ISROs PSLV noted another remarkable history after 
successful launch of India’s MOM spacecraft from 
SDSDC-SHAR, Sriharikota on Nov. 5, 2013, follow- 
ing successful supplementary manoeuvrings for trajec- 
tory correction and orbital raisings. It has delivered 
stunning images when it was in Earth’s Orbit. The 
Spacecraft will be reaching Mars orbit on Sep. 24, 2014. 


CNSA reached milestone in its Lunar explo- 
ration program- Chang’e-3 is on the Moon 
Chang’e-3 is a Chinese lunar mission comprising of 
a lander and a rover for lunar surface exploration. 
The spacecraft was launched from Xichang Satel- 
lite Launch Centre by ‘Long March 3B’ on Dec. 02, 
2013. After a successful cruise of 12 days, it soft 
landed on the Moon on Dec. 14, 2013. Its rover Jade 
Rabbit or (YUTU) has started exploring the surface. 


MAVEN on its way to MARS 

MAVEN, a NASA orbiter was launched successfully on 
Nov. 18, 2013 by Atlas-V from Cape Canaveral Air Force 
Station. It is expected to reach Mars orbit on Sep. 22, 
2014. Its initial on-orbital power-on operations have been 
tested and scientific payloads IUVS and subsystems of 
remote sensing instruments have been found to be normal. 
The mission team plans to switch on IUVS instrument 
in the next few days again to look at Comet C/2012. 


LROs CRaTER detected the radiation hazards 
in deep space 

Cosmic Ray Telescope (CRaTER) onboard LRO has 
provided significant information about radiation haz- 
ards in deep space necessary for planning future inter 
planetary manned missions. It observes the radiation 
interactions with its TEP (Tissue-Equivalent Plastic) 
detector array that imitates radiation effects on human 
body. Recently TEP has found some unusual interactions 
that may be hazardous to humans in deep space cruise. 


Hubble witnesses water vapour erupting off from 
Europa 

Hubble provides a strongest evidence of water vapour 
releasing out from the South polar region of Europa. If it 
is confirmed, it is the second moon to have water vapour 
plumes in our solar system. Cassini, in 2005, witnessed 
similar kind of plumes from Saturn’s Moon Enceladus. 


LADEE started exploring the Moon’s upper 
atmosphere 

NASAs dust explorer LADEE started its science op- 
erations after accomplishing all manoeuvrings to reach 
its designated low orbit. Some preliminary observa- 
tions were also carried out during its commissioning 
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phase. LADEE is now orbiting at 20 km to 50 km 
in closest position and 75 km to 150 km in farthest 
point from the lunar surface. All the scientific instru- 
ments were repoted be operated in normal conditions. 


Juno will be orbiting the Jupiter in July 2016 

NASAs Space craft Juno is expected to reach Jupiter’s 
orbit on July 4, 2016. It has recently beamed back an 
image of Earth-Moon system during its recent Earth 
gravity-assisst flyby. Currently, the spacecraft is moving 
with a velocity of 3.9 km/sec to reach its destination. 


ESA’s ‘Gaia’ launched successfully to map our 
entire galaxy 

European Space Agency’s Gaia Spacecraft was launched 
by Soyuz from Kourou, French Guiana on Dec. 19, 
2013. The mission was launched with an aim to provide 
a three dimensional map of our entire galaxy. The space- 
craft was first inserted in a parking orbit at an altitude 
of 175 km and then diverted towards L2 orbit. It will 
be first inserted into its Operational L2 orbit. After four 
months it will be in its commissioning phase, during 
which the scientific instruments will be switched on. 


It’s time for Rosetta to wakeup 

After a long cruise nearly for a decade, Rosetta is 
now close by to chase the Comet Churymov — Gera- 
simenko. The mission team has decided to switch on 
all instruments onboard and to guide it for its comet- 
chase which is the most challenging task. The mission 
team decided to wake up Rosetta from hibernation on 
Jan 20, 2014. It will be reaching the Comet in Aug. 
2014, later which its lander-Philae will be deployed. 


Slight damage to Curiosity rover wheels 

MSL team found dents and holes on a rover wheel, due 
to its cruise through the undulated martian terrain. The 
team has upgraded the software to check the wear and 
tear of holes. Now, Curiosity will look for a compara- 
tively smoother terrain to check the condition of holes 
through Mars Hand Lens Camera. This upgradation 
enables the robotic arm to help the rover in slopy terrains. 


Cassini updates on TITAN’s hydrocarbon de- 
posits 

NASAs Spacecraft Cassini continues unlocking the 
secrets of Saturn’s moon, Titan. Its recent radiometric 
observations suggest that the reserves of hydrocarbons 
on Titan are 40 times more than that on the Earth. This 
will enable the scientists to estimate the liquid content 
on Titan. Cassini mission team also plans to study the 
weather conditions in Titan’s northern hemisphere. 


Back to Contents 


29 


Volume -4, Issue-1, Jan 2014 


Indian Space Research Organisation (ISRO) conducts structured training program (STP) for the senior scientists 
and engineers from different ISRO centers to provide them exposure and training in vital scientific themes that are 
necessary based on the current demand. During Dec. 11-14, 2013, a course structured on ‘Planetary Exploration’ 
was conducted at PLANEX, Physical Research Laboratory, Ahmedabad. The basic objective of this course was to 
expose and familiarize the group of participating scientists to our gigantic solar system, its evolution, its objects, 
their properties, and behavior by taking interesting examples from Moon, Mars, and other remotely observed solar 
system objects. Altogether, 25 motivated scientist/engineers 
were nominated from the ISRO centers for participating in 
the course. The science topics that were included in the course 
consisted of evolution of terrestrial planets, their surface pro- 
cesses, atmospheric interactions and behavior, challenges in 
constructing space missions, launch capabilities, and challenges 
in designing of payloads for in situ and remote investigation 
for understanding the surface and atmosphere of planetary 
bodies. Within the duration of the course, the participants 
were assigned to complete a small project on topics related to 
ongoing research activities in different fields of planetary and 
space science. Lectures were given by fifteen invited experts 
from various research institutes and ISRO centers, nation-wide. 
They disseminated and shared their knowledge in the form of 
presentations and guidance during the course and project work. 


Prof. J.N. Goswami, Director, PRL has welcomed the participants 
during the inaugral session. He introduced the participants to 
the importance of planetary science and shared information on 
some of the recent results by Mars rover Curisoity. The course 
initiated with providing basic information about formation of 
planets, meteorites, asteroids, and comets, their position in solar 
system, why/how do they evolve, planetary atmosphere, envi- 
ronmental variability, magnetosphere, solar wind interaction, 
plasma and the possibility of habitat on any of these planetary 
bodies while comparing with the Earth. With the build-up of 
inquisitiveness among the participants the complexity involved 

in reaching to the planets and designing the miniaturized payloads for scientific measurements were discussed on 

the subsequent days. The information about the recent Mars mission of ISRO, its launch details, instruments/pay- 

loads onboard, status of the mission, and the expected scientific goals to be achieved from this mission were also 

resourced during the course. The lecturers highlighted the important factors that improve the longevity of these 

space missions and some of the mistakes that led to failure were subsequently discussed. The recent advancements 

in design approach of the gamma/optical/infrared/microwave imaging/non imaging instruments were displayed by 

showcasing the latest technology build-up in the field of orbital remote sensing 

of planets. On the first three days, the project teams from the course participants 

were involved in in-depth discussion with their mentors to accomplish the proj- 

ect goals. The groups have made a 15 minutes presentation on the fourth day, 

summarizing the work details of their project and conclusions extracted from 

the topics they were involved in. An arrangement for visiting the laboratories of 

PLANEX, PRL was organized for the participants on the second day of the course. 


The closing remark was addressed by Prof. Utpal Sarkar, Dean, PRL, wherein, 
he has emphasized on the relevance and importance of this initiative taken 
by ISRO for conducting such courses and training program. A participa- 
tion certificate was given to all the participants. The course concluded with 
an excursion to the ‘Science City’ located in the outskirts of Ahmedabad. 
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ANNOUNCEMENTS AND OPPORTUNITIES 


» “21st Open Young Scientists’ Conference on Astronomy and Space Physics” will be organized during Apr. 28 
- May 3, 2014 at the Faculty of Physics of the Taras Shevchenko, National University of Kyiv, Ukraine. The last 
date for submission of abstracts is Mar. 1, 2014. 

For more details visit:- http://ysc.kiev.ua/ 


“2014 Humans to Mars (H2M) Summit” will be organized during Apr. 22-24, 2014 at the George Washington 
University, Washington. Interested candidates may pre-register to participate. 
For More Details visit:- http://spaceref.com/calendar/calendar.html?pid=8221 


“Workshop on Planetary Volcanism” will be organized during May 28-30, 2014 at the Lunar and Planetary 
Institute, Houston. The last date for submission of abstracts is Mar. 13, 2014. 
For more details visit:- http://www.hou.usra.edu/meetings/volcanism2014/ 


International conference on “New insights into Volcanism across the Solar System” will be organized during 
June 16-20, 2014 at Space Research and Technology Centre of ESA, Noordwijk. The last date for submission 
of abstracts is Mar. 1, 2014. 

For more details visit:- http://congrexprojects.com/2014-events/48-ESLAB/home 


“First joint CoRoT Symposium 3, Kepler KASC-7 joint meeting” will be organized during July 6-11, 2014 at 
Espaces Vanel, Toulouse, France. The last date for submission of abstracts is Mar. 31, 2014. 
For more details visit:- :- http://corot3-kasc7.sciencesconf.org/ 


“ORIGINS 2014” will be organized during July 6-11, 2014 at Nara-ken New Public Hall, Nara, Japan. The last 
date for submission of abstracts is Feb. 21, 2014. 
For more details visit:- http://www.origin-life.gr.jp/origins2014/index.html 


“40th COSPAR Scientific Assembly” will be organized during Aug. 2-10, 2014 at Moscow, Russia. The last 
date for submission of abstract is Feb. 14, 2012. 
For more details visit:- http://www.cospar-assembly.org/ 


“Eighth International Conference on Aeolian Research (ICAR VIII)” will be organized during July 21-25, 
2014 at Lanzhou, China. The last date for submission of abstracts is Apr. 15, 2014. 
For more details visit:- http://www.2014icar8.com/ 


“45th Lunar and Planetary Science Conference” will be organized during Mar. 17—21, 2014 at The Woodlands 
Waterway Marriott Hotel and Convention Center, The Woodlands, Texas. The last date for submission of ab- 
stract is Jan. 7, 2014. 

For more details visit:- http://www.hou.usra.edu/meetings/Ipsc2014/ 


“AOGS 11th Annual Meeting” will be organized during July 28 - Aug. 1, 2014 at Royton Sapporo Hotel, Japan. 
The last date for submission of abstracts is Feb. 11, 2014. 
For more details visit:- http://goldschmidt.info/2014/ 


The “Californian Goldschmidt 2014” will be organized during June 8-13, 2014 at Sacramento Convention Cen- 
ter, California. The submission of abstracts to the conference is going to start from Jan. 1, 2014 onwards. 
For more details visit:- http://www.rad2014.elfak.rs/welcome.php 


Meeting on “Biosignatures Across Space and Time” will be organized during May 20-22, 2014 at Bergen, 
Norway. The last date for submission of abstracts is Mar. 31, 2014. 
For more details visit:- http://www.nordicastrobiology.net/Biosignatures2014/General. html 


“ISIMA 2014: Gravitational Dynamics” will beorganized during June 30 - Aug. 8, 2014 at Canadian Institute 
for Theoretical Astrophysics, Univ. of Toronto, Toronto. Last date submission is Jan. 17, 2014. 
For more details visit:- http://isima.ucsc.edu/current.html 


Back to Contents et 


Volume -4, Issue-1, Jan 2014 


rchtaboratory=— 
pad 3801009> ss 


I started my research career with PLANEX as a project associate in 2003. I had been involved in the project compar- 
ing the advantages of alpha and gamma spectrometry for the study of “Volatile transport on Planetary surfaces”. The 
project gave me ample opportunities to work on instrumentation as well as application. I measured U and Th isotopes 
in environmental samples using alpha spectrometers and compared the results by measuring the same using the TIMS 
at PRL. The work I could do instrumentation, analytical geochemistry, mass spectrometry and radiation spectrometry 
helped me to evolve as an environmental researcher. The guidance availed through PLANEX from eminent scien- 
tists like Prof. Goswami, Prof. Sarin, Dr. Sunil Singh, Dr. Rengarajan and others helped me in problem defining and 
methodology development. I had been using the skills in U and Th isotope measurements gained from PLANEX 
throughout my PhD research to study the timescales of evolution of soil and sediment resources and their responses 
to the changes in climate. My current work also uses U and Th isotopes in soil profiles in agricultural lands. 


I am thankful to my peers and colleagues of PLANEX for excellent support. I am really proud of my colleagues of 
PLANEX excelling in the field of planetary exploration and research in India. 


Suresh Puthiyaveetil Othayoth 
Post Doctoral Fellow 

Institute of Earth Science 
Academia Sinica, 

Nangang, Taipei . Taiwan 
E-mail: posuresh@gmail.com 


Back to Contents = 


Volume -4, Issue-l, Jan 2014 


OLYMPUS MONS: The largest Volcano of our Solar System 


Olympus Mons, discovered by Mariner 9 is the 
largest volcano on Mars and likely the largest in the 
entire solar system. Found in the Tharsis Montes 
region near the Martian equator, Olympus Mons 
is a shield volcano which is 624 km in diameter 
and 25 km high. At the summit there is an 85 km 
diameter crater, or caldera, comprising several mu- 
tually intersecting craters. Its tremendous size has 
been attributed to the stability of the Martian crust 
and a long accumulation time. This giant volcano 
is nearly as flat as a pancake with average slope 
of the volcano's flanks being only 5°. The Tharsis 
region contains another interesting geologic fea- 
ture which is an incredibly huge valley known as 
Valles Marineris that stretches nearly two-thirds 
the way across the planet. Two impact craters on 
Olympus Mons: Karzok and Pangboche having diameter of 15.6 km and 10.4 km respectively, are notable for 
being two of several suspected source areas for shergottites, the most abundant class of Martian meteorites. 


Courtesy: Brian Russo 


Elevation map of Olympus Mons 


Many of the volcanoes on Mars show significant cratering, indicating that they ceased activity a billion years or more 
ago. By contrast, there are very few craters on the slopes of Olympus Mons indicating that it is geologically very young 
and is generally presumed to be less than 100 Ma old (Mars's Amazonian Period). Ages of the lava flows along the 
western scarp of volcano range from 115 Ma to about two million years. The volume of Olympus Mons is over 100 
times than that of Mauna Loa in Hawaii, the largest volcano on earth. The volcanoes on Mars are so massive because 
the crust on Mars doesn't move the way it does on Earth. On Earth, the hot spots remain stationary and as the crustal 
plate moves over the hotspot, new volcanoes are fed and the existing ones become extinct. This distributes the total 
volume of lava among many volcanoes rather than one large volcano. On Mars, due to lack of plate tectonics, the crust 
remains stationary and every time the rising magma erupts on same part of the planet's crust which slowly piles up in 
one, very large volcano. Also, the lava flows on the Martian surface 
are much longer, probably as a result of higher eruption rates and 
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lower surface gravity. The fact that Martian crust is much thicker 


Seo OR3 plateau a than Earth's has been attributed on the basis of the fact that Mauna 
237 Gy ge 3 Loa has actually sunk into the Earth's crust but Olympus Mons, be- 
‘ ane Mye = | wt ing so heavy does not show any sign of sinking. Olympus Mons is 
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. Image source: http://astroengine.com 
Ages of the lava flows along the western scarp : , 2 


Text source: http://marsprogram.jpl.nasa.gov, http://en.wikipedia. 
org/wiki/Olympus_Mons, http://www.space.com 
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